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Here is an amusing yet pathetic story which you'll appreciate 
T all the more if you Know ofa similar case 
H 


K plant is the ordinary large, industrial kind 
where much low-pressure steam is used for manufactur- 
ing purposes. The management—the president and the 
usual outfit—is representative of the average. 


The new chief engineer was engaged on a salary and 
percentage-of-saving basis. Of course, the first thing he 
did was to return to the boiler the many pounds of 210 
deg. F. condensate allowed to merrily flow to the sump 
and sewer. Winter was coming on, and one need not be 
a college professor to know that changes in pipe sizes 
and arrangements and the installation of a few traps on 
the heating system would make the coal man feel badly. 


The volume of business was fairly constant, and had 
been for years, so the coal was bought by contract and 
supplied in unvarying amounts as regularly as you get 
sleepy between 2 and 3 a.m. when you are on the 12-to-8 
watch. The coal was stored in a large low building and 
had to be trimmed considerably to fill it. Soon the effect 
of the changes in the uses of steam and the disposition 
of condensate was made apparent by the full coal cars 
on the siding and the labor necessary to trim coal in the 
storage bin. The amount of coal on hand was becoming 
a veritable nuisance ! 


The chief asked the manager to have the supply 
stopped for a while. This was a new one on the man- 
ager; the engineer’s complaint had always been the other 
way, and the manager did not understand. Couldn’t 
‘he engineer find room for it somewhere? The quantity 
received was as usual, and he could prove it by compar- 
ing the monthly statements. The mills ran full time; 


the winter was just as cold as previous ones, if not colder. 
He glanced at the calendar to make sure it was Feb. 1 
instead of Apr. 1, and finally walked to the window to 
see that string of cars. Yes, the coal was there! Ah! 
he had it; the coal was not being used ! 

The engineer suggested that they compare the weekly 
coal consumption reports. Yes, the manager was right ; 
the coal was not being used as formerly. The reports 
showed that up to date about one hundred tons less coal 
had been used these last winter months than for the cor- 
responding months of previous years. 


What does this case show? Here is an actual, honest- 
to-goodness example of the amount of worth-while atten- 
tion some concerns pay to the power plant. 

And the engineer was engaged on a_percentage-of- 
saving basis, too! 

It shows that the engineer must keep duplicate reports 
and, above all, see to it that the management really 
studies them and is given every opportunity to know 
what their proper interpretation means in its relation to 
the chief engineer and the cost of manufacture. 

This engineer had applied himself to the task of re- 
ducing costs and improving service, had stayed up late 
nights outlining necessary alterations to this end—he 
was making good! And he was getting no more moral 
credit than the man who would have used the 100 tons 
and saved disturbing the manager. Things would have 
gone this way until the books were examined to deter- 
mine how much in percentage-of-saving was due the 
engineer. 
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Seattle Municipal Lighting Plant 


By W. L. Kipston 


SYNOPSIS—This plant will assist in carrying 
the winter peak loads of the Cedar Falls ( Wash.) 
hydro-electric plant. A steam pressure of 200 lb. 
is carried on the three boilers, with 125-deg. super- 
heat. The turbo-generator is of 7500-kw. capacity. 
The boiler furnaces are designed for burning fuel 
oil or coal with mechanical stokers, which can eas- 
ily be put in place. 


The new steam-generating station of the Seattle 

- (Wash.) municipal system, known as the Lake Union 
auxiliary, has a continuous capacity of 9375 kw. and will 
be used by the lighting department to help the main hy- 


Fig. 1. 


New SkattLtE GENERATING STATION 


dro-electric station at Cedar Falls over the heavy winter 
peaks and to take its full capacity load in case of accident 
to the water-power station or transmission lines. The 
steam plant is near the geographic center of the city, on 
the east shore of Lake Union. It will be accessible from 
Puget Sound and Lake Washington through the Lake 
Washington canal, and by land it can be reached by the 
Lake Union belt-line railway and by the tracks of the local 
traction company. 

The building (Fig. 1), built of reiuforced concrete, is 
90x100 ft. and 57 ft. from the basement floor to the cor- 
nice and was begun on Apr. 25 of last year. It was de- 
signed and built by the Department of Buildings of the 
city of Seattle. The foundation is on piles. The base- 


ment floor is 18 ft. below the level of East Lake Ave., and 
a concrete retaining wall containing 800 cu.yd. was built 
to support the street and protect the structure from pos- 
sible slides from the hill beyond. Steel sash is used 
throughout the building, and as the space between col- 
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umns is glazed, ample light is secured. A 25-ton crane 
with a 30-ft. span serves the turbine room. 

The plant contains three water-tube boilers (Fig. 2), 
each having 8230 sq.ft. of heating surface, which will 
supply steam at 200 lb. pressure and 125 deg. superheat 
to the 7500-kw. turbo-generator set (Fig. 3). The boil- 
ers are on the street floor at the west side of the building, 
with the firing aisle next to the lake. They are equipped 
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for burning oil, but the settings are arranged for stokers 
and ash hoppers, so that a change may be made to coal 
burning at any time by inserting the stokers, the tracks 
for which are in place. The basement under the boilers 
is planned to accommodate the ash-handling cars. Pro- 
vision is made for a fourth boiler. The boilers are guar- 
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anteed for 77 per cent. efficiency at full load and to oper- 
ate satisfactorily at 180 per cent. continuous overload. 
Two steel stacks, 90 in. diameter, designed for coal burn- 
ing, extend 170 ft. above the boiler-room floor, each to 
care for two boilers. 

Two steel oil-storage tanks, 11 ft. and 20 ft. long, of 
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nance. As the tanks are adjacent to the building, it was 
necessary to bury them, and a concrete wall was built, sep- 
arating and inclosing them. The space around the tanks 
was then filled with earth to a depth of 4 ft. above the top 
of the shells. Six-inch connections to the domes are used 
for filling the tanks and connections of the same size on 
the under side join with an 8-in. suc- 
tion header, to which the two motor- 
driven storage pumps, each with a ca- 
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| 4 pacity of 16,000 gal. per hour, are con- 

| nected. This header runs out to the 
| lake for use in unloading oil-tank cars 
or oil scows. 


| One 7200-gal. service tank, 7 ft. in 
diameter by 24 ft. long, is placed above 
the storage tanks, and the suction pipes 
from the two burner pumps run through 
the dome and down to the bottom of the 
tank, terminating in a foot valve. The 
tank is separated into halves by a parti- 
tion, thus forming two tanks, both of 
which have a 30-in. dome with a screw 
cover. A steel ladder runs to the bottom 
| j of the tank. The 6-in. connections in the 
i domes are used for filling the tanks and 
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the 414-in. suction pipes for empty- 
| ing them. A 214-in. overflow pipe runs 

from each oil heater back to the ser- 
vice tank. A 6-in. pipe from the fill- 
ing pipes to the street makes it possi- 
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15,000 gal. capacity each, are buried just outside the 
boiler room on the south side of the building. Both tanks 
have domes 4 ft. in diameter and 4 ft. high, with screw 
covers and steel ladders to permit of inspection. This ca- 
pacity per tank is the largest allowed by the city ordi- 


ble to fill any of the three tanks from 
oil trucks. Pumps to supply the oil 
burners are on the boiler-room floor, as 
are the oil heaters. 

The boilers connect to a 12-in. head- 
er (Fig. 4), from which steam is tak- 
en to the turbine (Fig. 7). The gen- 
erating unit is a horizontal turbine connected by a flexible 
coupling to a 2500-volt, two-phase alternator, at 1800 


Fig. 6. Turstne-Driven Housk Pump 

r.p.m., and rated at 7500 kw. at 80 per cent. power factor 
with 50-deg. Centigrade rise above the room temperature, 
and at 9375 kw. at 80 per cent. power factor with 65-deg. 
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rise. The temperature in the generator coils is measured 
by a resistance thermometer inserted between them, and 
is registered on the switchboard. The unit is guaranteed 
to produce one kilowatt-hour from 12.95 lb. of steam at 
190 lb. pressure and 125 deg. superheat when operat- 
ing at full load. 

The condenser, of the rectangular-jet type, and placed 
under the turbine (Figs. 4 and 5), will maintain 281% in. 
of vacuum when condensing 97,500 Ib. of steam per hour. 

The centrifugal circulating pump is mounted on the 
shaft with the rotary air pump and both are driven by a 
small impulse turbine. The boiler-feed pumps and the 
service pump (Figs. 6 and 9) are also of the centrifugal 
type with four stages, and are turbine driven. Steam 
for these auxiliaries is taken from a 6-in. saturated-steam 
header, and the exhaust is used in the 2500-hp. meter- 
ing feed-water heater. The exciter, rated at 50 kw., 125 
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Fig. 7. 
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volts, is also turbine driven. 
arrangement. 

As the steam-plant site is on the shore of Lake Union, a 
fresh-water lake, there is an abundant supply of cooling 
water for the condenser. The water supply is brought to 
the plant from an intake 120 ft. out in the lake, through 
a 30-in. cast-iron pipe to a concrete screen box at the west 
side of the building, and from there through a second 
run of pipe to a cold well at the end of the condenser. An 
18-in. pipe supplies the condenser with cooling water, 
which is drawn into the condenser by vacuum. In start- 
ing, a jet of water from the city mains is used to condense 


Fig. 8 shows the piping 
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the steam and create a vacuum in the condenser shell. 
The 18-in. discharge pipe from the condenser connects 
with the hotwell, which is a concrete tunnel 4 ft. wide by 
10 ft. deep. In case of a future installation, this tunnel 
will connect the two units. A 30-in, cast-iron pipe serves 
as an outlet for the hotwell and discharges the hot water 
into the lake at the back wall] of the building. 

The turbine set is on the street floor, on the east side, 
next to East Lake Ave., and the switchboard is in the same 
room. Current is stepped up to 15,000 volts, two-phase, 
for distribution over the city, and the steam station will 
be connected tq the main distributing station at Seventh 
Ave. and Yesler Way by a direct 15,000-volt tie line. 
The step-up transformers, of the same capacity as the 
turbine, are in the basement under the turbine room, 
where the oil switches and 2500-volt and 15,000-volt wir- 
ing are placed. Provision is also made to use the steam 
station for distributing, for which purpose the oil 
switches, feeder regulators and street-lighting transform- 
ers will go in the basement. 
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The steam plant is on the same lot with a 1500-kw. 
water-power auxiliary, which uses the overflow from the 
Volunteer Park reservoir of the city water system, situ- 
ated on the hill 415 ft. higher than the lake. Both plants 
will be operated from the same switchboard and will 
work together to safeguard the service of the system. 

The main generating station at Cedar Falls is being ex- 
tended and improved by the erection of a $1,400,000 dam, 
which will permit of a development of 40,000 kw. J. D. 
Ross, superintendent of lighting, is in charge of the 
Seattle municipal plant. 

First-Aid Jar for Power Plants 

Accidents frequently happen in and about a power 
plant, and in many cases the injured could be attended 
by the laymen if first-aid materials were at hand. A 
first-aid jar has been prepared to meet such require- 
ments by the Conference Board of Safety and Sanitation, 
of which Magnus W. Alexander, General Electrie Co., 
West Lynn, Mass., is secretary. 

The jar is structurally strong and a special annealing 
treatment makes the glass still stronger. It is made 
with smooth surfaces and with straight walls on the in- 
side to promote cleanliness and facilitate the removal of 
first-aid materials. A convenient carrying handle is 
molded to the glass cover, held by suitable spring clips 
which are a part of a metal cage holding the jar; this 
cage affords added protection against breakage. A rub- 
ber gasket between the jar and the cover makes the out- 
fit dustproof. 

The jar is made only high enough to accommodate the 
bottles of medicaments stored in it so that the stoppers 


First-Aip Jar 


cannot come out when the cover rests on the jar: Medi- 
cine bottles, bandages, absorbent cotton, burn ointment 
in collapsible tubes and a wire-gauze splint are arranged 
along the wall of the jar, so that they are plainly visi- 
ble from the outside and can be quickly located. A spe- 
cially constructed metal dish placed inside of the jar 
keeps the materials in their proper places; it is also used 
as a receptacle for tourniquet, medicine glass, gauze ban- 
dages, medicine droppers, spoon, scissors, ete. 

The jar is about 914 in. in diameter, 6 in, high, and 
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complete with contents weighs only slightly more than 
12 lb. It, however, includes every material which a con- 
ference of physicians with extensive experience in the 
treatment of injuries agreed upon as necessary for effective 
first-aid treatment by laymen. 

Suitable first-aid instructions are printed on the in- 
side of the cover, while on the outside appears the stand- 
ard list of materials which should always be kept in the 
jar and brief directions for the use and care of the outfit. 

This jar has been approved by the board, which is 


Oil-Engine 


By A. E. 


SYNOPSIS—The writer reviews the oil-fuel sit- 
uation and points out the legitimate fields for the 
different types of engines. He warns against the 
defects in the low-compression, pump-injection 
type when attempting to use heavy oils, which 
should be used only in the high-compression en- 
gine, and champions the vaporizing type. 


The manufacture of internal-combustion engines is 
being influenced to a certain extent by the fuel situation, 
and the consequent demand of the public for an engine 
which will handle heavy grades of liquid fuels. Whether 
this demand is to continue will be influenced by the avail- 
ability of the heavy liquid fuels, their prices as compared 
with lighter fuels, and the success of the engines which 
claim to use them. Therefore, it would be well for the 
buying public to consider carefully and without prejudice 
all phases of this subject before it continues to bring 
about what may prove an undesirable tendency in the ap- 
plication of the internal-combustion engine for general 
power purposes. 


SrruatTiIon 


During the past few years there have been marked 
changes in the oil-fuel situation, and it is practically im- 
possible to prophesy what the future will develop. The 
heavy drain on the gasoline supply for the automobile 
trade has been the apparent cause for its rise in price. 
However, this has now been reduced to practically the 
figures which prevailed several years ago, but it is still 
too high to be considered for use in the larger or inter- 
mediate sizes of internal-combustion engines. 

An important feature is the percentage of fuel of dif- 
ferent grades available from crude oil. Refiners have 
been able to secure in recent years a larger percentage of 
gasoline from crude oil than heretofore, but the quality of 
the gasoline has also been reduced. Crude oil from differ- 
ent localities varies greatly in quality, but a fair average 
would indicate that about 15 per cent. can be turned into 
gasoline or naphtha. About 45 per cent. is kerosene, and 
about 10 per cent. of a high-grade distillate above 39 deg. ; 
another 10 per cent. is a low-grade distillate below 39 deg; 
while about 15 per cent. is turned into lubricating oil, and 
the remaining 5 per cent. is slop. It is evident, therefore, 
that a small percentage of the refined product, about 10 
per cent., is of such a nature as to require a crude-oil 
engine. Furthermore, about 50 per cent. of the refined 
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composed of representatives of the National Founders’ 
Association, 29 South La Salle St., Chicago; the Nation»| 
Association of Manufacturers, 50 Church St., New Yor: 
City; the National Metal Trades Association, People: 
Gas Bldg., Chicago, and the National Electric Light A¢- 
sociation, 29 West 39th St., New York City. The outfit 
is sold at practically cost price, as there is no intention 
to make a profit on any of the articles standardized by 
these associations, and can be secured by writing the sec- 
retary of any of the associations mentioned. 


Tendencies 


WARD 


product can be handled in the conventional four-stroke- 
cycle vaporizing type. 

There is a large market for the heavier grades of re- 
fined oil to be used for burning under boilers, oiling 
streets, etc., which often makes it difficult for the small 
purchaser to secure, or to continue to secure, this fuel 
for power purposes. Sometimes the small purchaser finds 
that it is necessary to buy his fuel in tank-car lots in order 
to gain the point of economy desired. It is evident, there- 
fore, that the purchaser of an engine designed for hand- 
ling crude oil or an equivalent fuel is necessarily sub- 
jected to the caprices of the market. 

It is true that there are a number of localities, espe- 
cially in the West and Southwest, where the heavy liquid 
fuels are being purchased at comparatively low prices. 
However, it is questionable whether this condition will 
continue, inasmuch as the supply of fuel oil to burn under 
boilers has frequently been taken away from manufac- 
turers who have gone to the expense of installing boiler 
appliances for burning this fuel. Moreover, there is wide 
variation in the quality and constituents of heavy oils, 
depending upon the quality of the crude, the method of 
refining, tendency of the refineries in accordance with the 
demands, ete. 

While gasoline is also uncertain in its price, kerosene 
has remained at practically the same price, has always 
been available in most localities, and does not vary in 
quality. 

There are, undoubtedly, many cases where the Diesel 
engine is the proper type to use, considering especially its 
high thermal efficiency and the ease with which its fuel 
can be stored, transported and handled. The following 
objections can be raised against it, however. It is com- 
plicated in design, necessitating strict attention to the 
minutest details and requires a very high grade of work- 
manship. Moreover, correct adjustment must be main- 
tained at all times, and skilled attendance with corre- 
sponding high cost is essential. Fuels of low quality and 
low price have frequently been used when the plant was 
first installed, and later a high-grade fuel has been sub- 
stituted. Depreciation and maintenance have in many 
eases been excessive in addition to the first cost being 
high. Finally, this type of engine is extremely sensitive 
to irregular or improper conditions. 

In spite of these objections there are many successful 
Diesel installations. If a purchaser takes these points 
into consideration, arranges to keep the engine in prime 
condition at all times, is assured that the proper fuel will 
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be available at a low price, if natural gas is not available, 
and his conditions do not favor producer gas, and if his 
power requirements are not less than 100 hp., he may be 
justified in purchasing a Diesel engine. 


ENGINES 


Coming now to a class of engines for powers of 15 to 
100 hp., the purchasers of these sizes ordinarily do not 
give the engineering features due consideration. Being 
without the necessary experience and knowledge them- 
selves, they are largely at the mercy of the ambitious 
salesman who has a tendency to exaggerate the qualifica- 
tions of the article he is handling. There has been a 
clamor for engines of those sizes which will burn heavy 
fuels, such as have been successfully handled in the Diesel 
engine. Owing to this demand, there has been a natural 
response on the part of some manufacturers to produce 

550 


500 
450 - 
400 - 
350 - 


r Square Inch 


Fie. 1. Dracram From Hot-Puatre, Atr-INJECTION 
ENGINE At Ratep Loap 


an engine which would fulfill these requirements. 
It is evident that the high first cost of the Diesel engine 
would prohibit its sale among the majority of purchasers 
who desire engines of this size. 

There is said to be from 400,000 to 500,000 hp. in 
engines of the Diesel type used in Europe. There are also 
a number of these engines in this country, but the fuel 
situation in Europe is such as to necessitate the use of 
an engine of this type to a far greater extent than has 
been the case in this country. It has been repeatedly 
reported in this country that in engine installations of 
the Diesel type it has been found desirable to use a lighter 
grade of fuel than was originally intended. This is brought 
about by the fact that less trouble and less close attention 
are required with the lighter and higher-grade fuels. 
This being the case with an engine which employs extreme 
methods in order to burn the fuels economically and 
satisfactorily, how can it be at all satisfactory to handle 
such fuels in an engine where these methods are not 
employed ? 

In an attempt to reduce the cost of manufacture, and 
still satisfy the demands for an engine which will run 
on heavy liquid fuels, attempts have been made to depart 
from the Diesel principle. The first attempt was to 
change the compression from 500 to 300 Ib. This re- 
duction in compression means that the fuel does not burn 
immediately upon entering the combustion space, as the 
heat of compression is not sufficient, and in order to obtain 
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the desired temperature a hot plate is projected into the 
cylinder. 

This type retains the air system of fuel injection. 
A two-stage air compressor is used, which discharges 
at approximately 600 lb. directly through the fuel valve 
and against the hot plate in the cylinder. The quantity 
of fuel is measured in a manner similar to that of the 
Diesel engine. This system avoids the necessity of 
carrying such high injection air pressure, but there is 
only a partial burning of the fuel, and an explosion 
takes place, the initial pressure depending on various 
conditions, such as the timing of the fuel injection, the 
nature of the fuel, the temperature of the engine, the 
temperature of the hot plate and the compression 
temperature. An indicator diagram from such - an 
engine is shown in Fig. 1. 

If an engine of this type is built as heavy as it should 
be to withstand the high pressures, and if all other parts 
are properly designed and constructed, the first cost 
is almost as high as the Diesel. 

An extreme departure from the Diesel principle is 
the two-stroke-cycle engine using the hot bulb, pump 
fuel injection, water injection, in the majority of cases 
erank-case compression, and light construction with 
a compression ranging from 70 to 150 lb., and in some 
cases 300 lb. In order to start this engine it is necessary 
first to heat the hot bulb externally, which requires 
ordinarily from 15 to 20 min. Sometimes difficulty 
with the burners necessitates a much longer time. 


PRINCIPLE 


The main reason for the four-stroke cycle having 
been so universally adopted is that the scavenging of 
the burnt gases can be accomplished by one stroke of 
the main piston. This leaves the entire volume swept 
by the piston free for a fresh charge. 

The two-stroke-cycle engine which draws the fuel 
into the crank case and depends upon scavenging the 
burnt gases by means of air is necessarily uneconomical, 
because it is difficult to cut off the exhaust gases at ex- 
actly the proper point and avoid all passage of the fuel 
through the exhaust port. Tlowever, when the fuel is 
injected on the compression stroke, and pure air only is 
drawn into the crank case, this objection is not so serious. 
Nevertheless, it is difficult to determine just what air 
currents take place inside the cylinder when it is expected 
that the incoming air on the one side will drive out the 
exhaust gases on the other, especially when both of the 
ports are at one end of the cylinder. Fig. 2 illustrates 
what probably happens in such a case. 


Furet InJEctTION 


Now, consider the fuel injection and the method of 
forming an explosive mixture. The conventional vapor- 
izing type of four-stroke-cycle engine draws in a charge 
of air past a fuel spray nozzle at a high velocity, frequently 
as high as 12,000 to 15,000 ft. per min. This high 
velocity, together with the extremely fine spraying of 
the fuel, causes each particle of air to become laden with 
a certain amount of fuel vapor, and thus promises a very 
complete mixture. 

On the other hand, in the engine with pump injection 
the combustion space is filled with a mixed charge of 
air and exhaust gases, with probably some irregular 
stratification of the exhaust gases. The fuel pump 
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measures out a given quantity of fuel, which is sprayed 
into the compressed air by a hammer blow from a cam or 
eccentric which operates the pump. A certain mixture 
of fuel with the air and burnt gases takes place, but a 
thorough mixture of the fuel with the air does not exist 
(see Fig. 3). Furthermore, this mixture will vary great- 
ly from one impulse to the next, depending upon con- 
ditions such as stratification of the charge, temperature 
of the hot bulb, temperature of the engine itself, nature 
of the fuel used, amount of fuel measured out and in- 
jected by the pump, size of the opening in the spray 
nozzle, condition of the spray nozzle, time in the cycle at 
which the fuel is injected, etc. All conditions being 
uniform, the results are fairly satisfactory, but there 
is necessarily susceptibility to these varying conditions. 
These engines are ordinarily rated at a mean effective 
pressure of 35 to 40 Ib., or about half that of a four- 
stroke-cycle engine of the vaporizing type at rated load. 
Indicator diagrams from properly designed four-stroke- 
cycle engines of the vaporizing type show that the mean 
effective pressures are practically uniform, although in 
some cases a pressure of 118 to 120 Ib. may be indicated. 
Fig. 4 is a diagram from a two-stroke-cycle vaporizing 
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This is so automatic that the results are dependable 
even under adverse conditions. 


TiminG oF FUEL INJECTION 


Different manufacturers commence injecting the fuel 
at different points in the stroke varying from the be- 
ginning of the compression stroke to about 10 deg. he- 
fore the end of the compression stroke. The proper timing 
depends upon numerous conditions, such as compression 
pressure, temperature of the hot bulb, shape of the hot 
bulb and combustion space, location of the spray nozzle, 
grade of fuel, diameter of pump plunger, stroke of pump, 
ete. 

Electric ignition is practically instantaneous, and if 
there is a variation of say 10 deg. in timing, the results 
obtained are apt to be poor. With an engine running at 
300 r.p.m., 10 deg. is equivalent to 0.002 sec. This is 
an extremely short time for a mechanical fuel pump to 
act and deliver a quantity of fuel against 150 lb. 

It is difficult for anyone who has not worked with them 
to appreciate the delicacy of these mechanical devices. 
If the injection of fuel takes place slightly early, in 
comparison with the temperature of the hot bulb, the 
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engine at rated load. Mean effective pressures as high 
as this are extremely rare, however, and could not be 
depended upon. This point is brought out to show that 
the mean effective pressures from the two-stroke-cycle 
hot-bulb engines are necessarily variable. Furthermore, 
it is possible to obtain extremely high initial pressure 
if water injection is not used properly, if the fuel is 
injected a little too early, or if the temperature of the 
hot bulb is not correct. Considering that it is possible 
for these high pressures to exist, the engine should be 
built heavy, to withstand them; irregular impulses mean 
uncertain service. Fig 5 shows these varying mean ef- 
fective pressures. 


MEASURING THE Furn 


Next consider the method of measuring the fuel. Some 
engines govern by changing the stroke of the pump; oth- 
ers through bypassing a certain amount of the fuel back 
to the tank. If six drops per stroke is a full load supply 
for a 10-hp. engine, it will readily be seen how delicate 
the adjustment must be to govern the speed by reducing 
the proportion of the six drops in accordance with the load 
conditions. 

If the vaporizing type of engine is properly designed, 
the correct amount of fuel will be automatically picked 
up as the throttled air passes over the injection nozzle. 


Fie. 3. SHowrne VotumeE or AIR 
Wuicu Comes In Contact 
IN PumMp-INJECTION TYPE 


amount of water injection, the temperature of the engine 
and the load, etc., excessive pressure will result. 
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The mission of the hot bulb is to furnish the high 
temperature to assist in vaporizing heavy fuels. If 
its temperature becomes too high, the engine will pound 
heavily, due to excessive initial pressure. The hot bulb 
will sometimes have a tendency to crack, due to dis- 
tortion, because of the unequal temperatures, and also the 
fuel may decompose and form deposits on the hot spoon, 
so as to cause cracking of the bulb. Because of this the 
hot bulb is occasionally the source of annoyance and 
irregular operation. 


Water INJECTION 


If the injection of the fuel could be accurately timed, 
so as to bring about the proper flame propagation, and if 
this fuel could be introduced into the cylinder in su!- 
ficiently large quantities in the very short time existing 
at the end of the compression stroke to prevent too early 
ignition, water injection would not be necessary. Engines 
that use air injection with the fuel do not use water. 
Water injection is the handiest means of avoiding ex- 
cessive pounding and high initial pressure, provided the 
timing of the fuel injection and the temperature of the 
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hot bulb, ete., are not correct. It is frequently used in 
large quantities, and when the quantity is too great 
excessive wear of the cylinder and piston will take place, 
due largely to interference with proper lubrication. In 
proper quantities it probably has some tendency to loosen 
the carbon, and, in accordance with a theory which has 
frequently been advanced, it may result in bringing 
about a uniting of the nascent oxygen with the carbon, 
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thus keeping the cylinder slightly cleaner than would 
otherwise be the case. 


LUBRICATION 


Some years ago the auxiliary exhaust port in the four- 
stroke-cycle engine was considered good practice, and was 
extensively used. However, this port was later abandoned 
because it interfered with proper lubrication, and a dry 
streak through the cylinder was invariably found where 
these ports existed. The conditions in this respect are 
no different than in the two-stroke-cycle engines of today, 
although probably this port does not bring about so much 
excessive wear of the cylinder and piston as do the 
unburnt fuel and the water. Where crank-case compres- 
sion is used, trouble with the Iubrication of the main 
bearings is sometimes experienced. 

Even with very short connecting-rods and with every 
available space in the crank case filled up so as to obtain 
as high a compression as possible, it is seldom possible to 
obtain a pressure in the crank case greater than 21/4 to 
214 lb. With the wear on the bearings, this pressure has 
a tendency to leak out and to interfere with their lubri- 
cation. 

Leakage of crank-case compression also has a tendency 
to seriously affect the operation of the engine, as the 
transfer air is thereby lost and scavenging is not obtained. 

This condition in conjunction with the filling up 
of the exhaust port with carbon, thus causing back pres- 
sure, has a tendency to equalize the pressures on both 
sides and interfere with proper scavenging. Incomplete 
scavenging means loss of power, wasted fuel, over-heated 
engine and premature ignition. 


CoMPRESSION 


The compression employed by different manufacturers 
varies from 70 to 150 1b., some running as high as 300 
lb. One manufacturer provides means of varying the 
compression in accordance with the fuel used and the 
conditions of operation. Tigh compression should mean 
greater economy, but at the same time greater danger 
0! excessive pressures. The amount of compression per- 
nuissible will depend upon the temperature of the hot bulb, 
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the temperature of the engine itself, the grade of fuel 
used, the method of injecting the fuel, and the time 
at which the fuel was injected. In consideration of these 
varying conditions, it is practically impossible to settle 
upon a satisfactory all-around compression. 

Compression undoubtedly has greater influence upon 
economy than any other one point in connection with the 
design of internal-combustion engines. When the ex- 
plosion engine was first attempted, no compression was 
used, and the engine was practically a failure on this 
account. Some fuels will ignite more readily than others, 
and, consequently, are more susceptible to heat of 
compression. Producer gas will stand a compression of 
from 150 to 160 lb., and natural gas 120 to 130 lb. with- 
out premature ignition. When liquid fuels are introduced 
into the cylinder of a four-stroke-cycle engine on the 
suction stroke, a compression of from 60 to 70 Ib. is 
approximately all that can be obtained. Because of 
this low compression, an economy of less than 12,000 B.t.u. 
per b.hp.-hr. cannot be expected. 

When high compression can be used, such as 120 Ib. 
on natural gas, an economy of 8500 B.t.u. can be ex- 
pected. This is the economy, therefore, which an engine 
of the pump-injection type should be able to obtain when 
using a compression of 150 lb. This economy is not 
attained, however, because the pump-injection principle 
is so far from perfect. In fact, it is seldom that an 
economy of 12,000 B.t.u. is had; the more common figure 
being 14,000 to 16,000 B.t.u. 

FUELS 

It is common for manufacturers of the hot-bulb type 
to state that any fuel can be handled in these engines. 
Most assuredly, any oil which contains heat units will 
vaporize when it comes in contact with a red-hot surface, 
and will consequently develop pressure and deliver power. 


600 7 

550 - 
300 k---Dangerous pressures 
450 - be avoided 


Fig. 5. Diagrams rrom ENaINe: 
Heavy LIne Stiowina ExraNnsion Curve 
AT Ratrep Loap 


This being the case, demonstrations can be made on very 
heavy fuels. Their continued success and satisfaction are, 
however, highly improbable, and in many cases lighter 
grades of fuel have been resorted to because less diffi- 
culty is experienced. 

Can these engines operate successfully on kerosene ? 
is a question which has been frequently asked. The ma- 
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jority of them do not, if they are built for operation on the 
heavier fuel. The flame propagation of kerosene is more 
rapid than with fuel oil or a heavier grade of distillate. 
This fact interferes with operation on either grade of 
fuel, as the flame propagation is dependent upon the tem- 
perature of the hot bulb, the timing of the injection of the 
fuel, the temperature of the cylinder walls, the amount 
of water injection used, and the load which ‘the engine 
is called upon to handle. If these conditions are all cor- 
rect for heavy fuels, they are not correct for lighter fuels, 
and except for a small range in variation, they are not 
adjustable. 

It is true that all of the troubles mentioned do not exist 
in all installations of such engines. In fact, some of these 
engines operate without any of these difficulties, but they 
have all taken place in numerous instances, and any and 
all may take place in any installation. 


PRESENT State oF Tuts TYPE 


The success achieved by heavy fuels in this type of en- 
gine is due to a peculiar combination of some of the fol- 
lowing conditions: The high price of gasoline with the 
consequent desire to handle a heavier fuel; a consequent 
response on the part of some manufacturers to build an 
engine which they can claim will burn the heaviest liquid 
fuels ; the fact that a certain vaporization of these heavier 
fuels takes place when brought in contact with extremely 
high temperatures; that there is available in some locali- 
ties certain grades of heavy liquid fuels at a low price; 
that these engines are simple in construction and simple 
in appearance ; that they do operate on these fuels and de- 
liver power, and in some instances to the expressed sat- 
isfaction of the owner; and that this engine is passing 
through a stage at the present time when its shortcomings 
are being excused, and the owners are loath to admit 
that any difficulties are being experienced. 

This attitude is due to lack of information regarding 
the actual causes of difficulties; consequently, there is a 
tendency to consider the troubles as due to improper oper- 
ation or some outside influence. Excessive cylinder wear, 
for instance, can be laid to soft metal or to improper at- 
tention on the part of the operator; cracked bulbs and 
choked exhaust ports may be blamed on the operator or 
the fuel used; and blown-off cylinder heads or cracked 
beds may be attributed to insufficient water injection or 
possibly defective material. 


Proper 

Specific gravity indicates little as to the vaporizing 
qualities of a fuel, although the majority of fuels above 
38 to 39 deg. gravity vaporize readily and the majority 
below 35 or 36 deg. gravity do not vaporize readily. The 
flash point also tells little, as fuels with a heavy body may 
contain sufficient lighter constituents to show a flash at 
a low temperature. A definite indication of the quality, 
however, is the boiling point, or the temperature at which 
different percentages of the fuel will distill. 


VAporIzInG Type OF ENGINE 

Another reason why the heavy-oil engine has been 
brought into favor is the numerous published statements 
that the so-called gasoline engine is not adapted to hand- 
ling kerosene and the lighter distillates successfully. While 
this has unfortunately been proven in some cases, yet 
in others the application of lighter distillates to the four- 
stroke-cycle vaporizing type has been successful. 
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There are many features in connection with the proper 
design of the vaporizing type for handling the lighter 
grades of distillate and kerosene. There seems to be a 
mistaken impression that the carburetor is the essential 
feature. While the carburetor should be properly de- 
signed, there are other governing features equally impor- 
tant, such as piston speed, ratio of the stroke to bore, 
method of water circulation, location of the valves, shape 
of combustion space, location of igniter in combustion 
space, valve timing, voltage of ignition current, velocities 
through valves and intake passages, location of carburetor 
in relation to the inlet valve, contour of passages, gover- 
nor valve and governor, method of automatically handling 
the mixture with varying loads, complete mechanical va- 
porization without resorting to preheating the charge, 
ete. 


ENGINES BEetow 15 


A large number of these small engines are used for 
farm work. They are usually of the four-stroke-cycle 
vaporizing type, using either gasoline or kerosene. The 
farmer should not attempt to use anything heavier than 
kerosene for this purpose. He should have an engine 
which is easily started, easily handled, and sure to run 
on a fuel which is readily obtained in small quantities. 

It is doubtful if there is any other manufactured ar- 
ticle which will vary to such a degree after it is assembled 
as will the gasoline engine. Pistons, piston rings and cyl- 
inders which are subjected to high temperatures and ir- 
regular distortion must be worn in together. Springs 
must be adjusted to the proper tension. Governors must 
be put in proper operating condition. Valve timing should 
be properly adjusted. Bearings should be worn in to 
avoid the possibility of their running hot. Brake tests 
should be made showing the engine developing its full 
rated horsepower. Water tests should be made of jacketed 
castings, as frequently leaks will develop after the engine 
has been in operation for some time. Moreover, the ig- 
nition system should be timed properly and checked up 
carefully. Considerable cost to the manufacturer can be 
saved by neglecting these matters, but the farmer should 
insist that the manufacturer produce an inspection sheet 
covering the detailed inspection and testing of the engine. 


CONCLUSIONS 


For many years after the internal-combustion engine 
came into general use, there was a current opinion that 
the engines were unreliable and tricky. This was brought 
about to a considerable extent by placing on the market 
a large number of engines which were not scientifically 
designed nor fully developed. It has taken many years of 
consistent effort to live down this prejudice. 

We are now facing to a considerable extent a similar 
condition, because of the attempts to use heavy liquid fuels 
with a type of engine of cheap construction, such as has 
heen heretofore described. Quite a large number of com- 
paratively small manufacturers are experimenting with 
this proposition, with the result that undeveloped engines 
have been and are being placed on the market. 

This type may in time achieve the results which it 
now claims, but in the meantime its failures should not 
be permitted to influence the industry as a whole. This 
can be accomplished best by a greater education of the 
public regarding the merits and demerits of the different 
types of engines, the different grades of fuel, and the pur- 
poses for which they can be used to the best advantage. 
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Small Marine Power Plant 
By D. L. Roger 


A small power plant, of interest because of its unique 
design and its economy in steam consumption, is shown 
in Figs. 1 and 2. This plant was installed in a 22-ft. 
launch and consists of a vertical boiler, vertical fore-and- 
aft compound engine and all necessary auxiliaries. 

The engine has 3&6x4-in. cylinders and runs at 
a speed of 400 to 600 r.p.m. The boiler feed pump, air 
pump and fuel pump are driven by a drag crank and 2- 
to-1 gears from the forward end of the main shaft. The 
link on the low-pressure valve-gear is provided with an 
adjustment by which the receiver pressure is regulated. 
A reheater of U-shaped tubes connects the two cylinders. 

The boiler is mounted aft of the engine. It is 12 in. 
high by 18 in. diameter and contains +26 half-inch tubes. 
The safety valve is set to blow at 200 lb. pressure. Kero- 
sene is used as fuel in a special burner connected to a tank 
on which 70 lb. pressure is carried. The breeching carries 
the products of combustion through a superheater 
mounted on top of the boiler, around the high-pressure 
cylinder, through the reheater, around the low-pressure 
cylinder and to the atmosphere through a small stack 
mounted on the low-pressure cylinder. 
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Several tests have been made on the plant under work- 
ing conditions on Lake Mendota, Wis. Numerous indi- 
cator diagrams have been taken of both cylinders and 
these show a steam distribution which is almost perfect. 
The engine consumes slightly less than 13 Ib. of steam 
per brake horsepower-hour. The boiler, cylinders and 


Fig. 2. Power PLAnr Launeu 


Fic. 1. Fronr anp Rear or CompounD ENGINE 


The steam from the boiler passes through a super- 
heater, is expanded in the high-pressure cylinder, and 
is exhausted through the reheater to the low-pressure 
cylinder. After expanding in the low-pressure cylinder 
it exhausts into a keel condenser. The condensed water 
leeds the boiler. A filter is used through which the 
water is passed from the condenser overflow to the boiler- 
feed pump. The makeup water is also filtered. 


breeching are so well insulated that it is possible to place 
the bare hand on any of these parts without discomfort. 
The gases escaping from the stack are exceptionally low 
in temperature. 

J. C. White, chief engineer of the Capitol Power & 
Heat Co., Madison, Wis., designed and built this plant 
for his own pleasure. He started the work in 1909; the 
completed boat was put into the water in 1911. 
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Steam-Turbine Instaliation in 
Mexico 


By JoHnN KLEMM 


For many years the Compaiiia Minera “Las Dos Es- 
trellas” S. A., El Oro, Estado de Mexico, Mexico, has been 
purchasing its power from a public-service corporation. 
The slipping of one side of its greatest dam a few years 
ago seriously affected the power company for a time and 
caused heavy losses to innumerable customers. This com- 
pany, being one of the several large consumers, in conse- 
quence installed a Westinghouse-Parsons multiple-expan- 
sion parallel-flow 1500-kw. steam turbine to generate 
three-phase current at 50 cycles and 3000 volts as a 
stand-by. 

This turbine has a somewhat peculiar history. About 
two miles from the plant, in the center of a large masonry 
bridge, the trucks on one end of the car carrying the tur- 
bine broke down, precipitating the turbine to the river 
bed below, some 30 ft. Evidently, it did not wish to be in- 
stalled at an 8000-ft. elevation. The machine was picked 


Service Mains 


employed, there should be no chance for a steam turbine io 
wreck itself so completely as to require a new spindle, 
The turbine is not a very complicated piece of machinery ; 
nevertheless, like any high-class apparatus it is not i) 
tended to stand abuse. 

In this instance, to avoid further trouble it was decide: 
to build a new foundation of concrete of the proportion 
1 to 3 to 5, directly under the turbine, and do away with 
the masonry foundations, so designing the new work that 
the turbine would have absolutely no connection with the 
building or other apparatus, except the condenser, ete. 
The change was made with some difficulty, inasmuch as 
the machine had to be kept ready for immediate use in 
case of emergency. 

From Fig. 1 an idea can be had of the conditions. The 
dotted lines show the temporary timbering. The space 
directly beneath the turbine, between the old masonry 
walls, was dug up and the concrete footing A laid. Wall 
B was built up to 5 in. below the 15-in. I-beam shown, 
and 12x12-in. and 8x8-in. timbering was placed between 
the new wall B and the old wall at C. This green timber 
was kept wet to prevent it from shrinking, so that the 
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installed and operated according to its specifications. 

Shortly after, the turbine wrecked itself so completely 
that an entire new spindle had to be purchased. Failure 
to start the auxiliary oil pump, unintelligent operation 
and weak masonry foundations, causing severe vibrations, 
were the causes, and conditions were made worse because 
of a 200-hp. compressor, operating on practically the same 
floor and foundation, whose vibrations caused a harmonic 
with the turbine vibrations. Another fault was that the 
I-beams were set directly on the masonry wall instead of 
being placed on some sort of material to distribute the 
weight; the I-beams thus sank into the masonry, and the 
machine, instead of resting on the entire length of the 
foundation wall, was practically where the I-beams had 
sunk. 

At the time of the wreck, when the top half of the 
cylinder was raised someone remarked: “Que buena en- 
salada” (“What a fine salad”), adding the opinion that 
the most inefficient Corliss engine is far better than the 
most efficient steam turbine ever designed. This is a nar- 
row-minded and prejudiced view, obviously untrue. The 
steam turbine has already proved its value, otherwise 
30,000-kw. units would not be designed and operated, as 
they are today. Where intelligent and attentive labor is 


weight of the turbine could not come on the condenser. 
The old wall at C was then removed, a new concrete foot- 
ing laid and the wall C built up and steamed to crystal- 
lize the cement, which was done in about 60 hr., thus 
avoiding the slow 28-day process. 

For the steaming 1%4-in. pipe, previously drilled with 
\-in. holes about 6 in. apart, was laid all around the 
bottom of the wall; the entire wall was then well covered 
with a heavy canvas and the steam turned on. At the 
beginning the temperature was held below 35 deg. C., then 
gradually increased to 70 deg. C., at which it was main- 
tained for the last 12 hr. Great care must be taken not 
to overheat the concrete and thus ruin the entire work. 
especially if it is reinforced, as the coefficients of expan- 
sion for iron and concrete are different. The steam pres- 
sure never exceeded 1.5 atmospheres, and with this it was 
found that the best work was done on the top of the wall. 
After the steaming the electrical end was dried out before 
being placed in service, to avoid danger of a burnout. 

Full-length 40-Ib. steel rails were then placed on the 
new walls B and (, Fig. 1, and 1-in. plates and stec! 
wedges set tight against the 15-in. I-beams on which 
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rested the turbine bedplate. These rails served to dis- 
tribute the weight of the machine over the entire length 
of the walls. All spaces between and around the rails and 
I-beams were then filled in with concrete to the level of 
the bedplate, making of the whole almost a solid box-like 
construction with the opening in the center. It may be 
criticized as inconsistent with uptodate construction not 
to allow more space below the unit, but this could not well 
be avoided, under the existing conditions; moreover, the 
space was sufficient, as all high-speed machines, especially 
turbo-generators, have artificial ventilation, cold air being 
blown into the windings. Without this precaution the 
air in the machine while it is running would be churned 
and would seriously affect the temperature rise. 

The timbering was finally removed and the I-beams, 
one end of each of which was still in the old wall, were cut 
in a diagonal direction, as shown by Fig. 1, so that in set- 
tling, the I-beams could not again make contact with the 
old work, the tendency being to settle away. 

An additional installation of three 400-hp. Babcock & 
Wileox water-tube boilers brought the total boiler capacity 
up to 2400 hp. This addition may seem unnecessary, and, 
hence, a useless expenditure, but steam is always required 
for purposes other than power generation, and it is de- 
sirable to have ample margin for cleaning, etc. Further, 
it does away with the need for induced or forced draft 
and attendant loss of heat up the chimney, the extra cost 
of the apparatus and the disadvantages of boilers. 

There are no peaks to consider; the load is steady 
throughout the 24 hr. The lighting load at night is hardly 
perceptible. The boiler feed water is taken almost directly 
from the condenser, a 4-in. pipe being tapped into the 
12-in. discharge pipe of the circulating condenser pump 
(see Fig. 2). This 4-in. pipe discharges into an old fire- 
tube boiler used as a heater, and the water is then brought 
up to 90 deg. C. from the heater. It flows by gravity to 
the feed pumps, of which there are two Worthington 
10x6x10-in. The pumps are also connected to the Al- 
berger cooling tower and a tank, which is used to cool a 
200-hp. Ingersoll-Rand compressor, so when the turbine 
is not in operation the boilers still get warm water. 
Steam is required for other purposes for 24 hr. daily, and 
is held for emergency. The heater is also connected to 
the company’s service mains through a small storage tank 
above the heater, as Fig. 2 shows. 

There are two wrought-iron expansion joints in the 
8-in. steam header line, one U between what are known as 
No. 4 and No. 5 boilers, and a 90-deg. elbow between 
No. 1 boiler and the turbine. These suffice to take up 
any expansion in the header. , 

American fuel shipped to these regions comes high, 
costing on an average about $24.50, Mexican currency, 
per ton of 1000 kg. (2205 lb.) on the plant grounds. 

The generator room is 39 ft. 8 in. by 89 ft., and is con- 
structed of masonry. The doors and windows have a 
brick facing, presenting a neat and attractive appearance. 
The boiler room is 39 ft. 8 in. by 92 ft., and is constructed 
of the same class of material. 

Coal Storage Tests—In his annual report as Chief of the 
Bureau of Steam Engineering, Admirai R. S. Griffin says: “The 
coal stored at New London under the three different conditions, 
in the open, under cover, and under water, was given the 
third annual evaporative test. No marked difference in evap- 
orative efficiency was shown between the coal stored under 


different conditions, and no conclusive evidence developed as 
to the best method of storing coal.” 
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New Return Steam Trap 


This trap is of the closed type, with the moving parts 
arranged inside the apparatus. It operates automatically 
when sufficient condensate has accumulated to move the 
float. It has few moving parts; therefore friction and 
wear are reduced to a minimum, and there are no stuffing- 
boxes. 

The trap is made with a cast-iron body, brass inside 
parts and an open copper float. It is built for working 
pressures up to 180 Ib. For higher pressures the body is 
made of steel. 

In operation the condensate enters the trap at A and 
flows through opening B into the body. The water level 
inside of the apparatus rises until it reaches the top of the 
open float C, which is shown in its highest position. The 
float fills, loses its buoyancy and starts to sink, carrying 
with it the stem D, which pulls down on lever E. This 
lever, turning on the center /’, opens the steam valve G. 

As the float continues to sink, the roller H comes in 
contact with the short arm of the lever 7, which, turning 


SEcTION THROUGH ReruRN STEAM TRAP 


about the center A’, throws the attached counterweight L 
over to the left until the long arm of the lever presses 
on the roller //. The weight, falling over to M, will 
cause the roller, which is already in contact with the 
steam-valve lever Z, to drop quickly. This gives a sud- 
den increase in the opening of the steam valve, and the 
full pressure of the steam acts on the water in the trap, 
discharging it through the pipe NV, the chamber O and 
the outlet P. A dashpot & takes up the shock caused by 
the counterweight falling on /. 

A check valve on the inlet A prevents water from enter- 
ing the intake pipes, and another in the discharge 
line prevents the return of the discharged water. 

The empty float rising, throws the counterweight back 
to its original position and releases the lever 2, allowing 
the steam valve to close. As the float continues to rise, 
the roller S lifts the lever # and opens the valve 7’, thus 
relieving the pressure in the trap. The steam which flows 
through this valve is received in a tank and condensed. 

This trap is manufactured by the General Condenser 
Co., 1240 North 12th St., Philadelphia, Penn. 
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Why Direct-Current Motors Fail 
to Start--I 


By F. A. 


SYNOPSIS—Directions for systematically locat- 
ing the trouble, should a motor fail to start when 
the starting-box handle is thrown over. 


When locating trouble in a motor, it is essential that 
certain features be given first consideration. Assume a 
case where the motor fails to start because of a blown 
fuse (f’, Fig. 1). The first thing to ascertain in all 
such cases would be if the line is alive. This can be 
determined by connecting a lamp or voltmeter as at L. 


F 


FIG.6. 
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f’, which may be removed and again tested, to make sure 
that a mistake has not veen made in the test. This can 
be done as indicated in Fig. 3. If the fuse is blown, the 
lamp will not light. 

If link fuses are used, the fact that they look good 
should not be taken as final, for a fuse may be broken 
off close to one of the terminals, and although it may look 
good on inspection, it is nevertheless open. Another 
point that should not be overlooked is the switch. One 
of the clips may be worn or sprung just enough to pre- 
vent it from touching the blade. Therefore, if the fuses 
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How vo Locate tHe Faurr tar Motor Witt Not Start 


Tf the lamp lights, next test below the fuses as at ZL’. In 
this case it will not light, for the fuse f’ is blown. 

Most inclosed fuses indicate when they are blown, but 
this cannot always be relied upon, and when locating 
trouble the best policy is to depend upon nothing but 
what has been determined by test. To test the fuses 
without removing them, connect the lamp as illustrated 
in Fig. 2. If the lamp is connected as at ZL, it will light, 
indicating that fuse f is not defective. When connected 
as at L’, it will not light, for the cireuit is open in fuse 


test good, do not neglect to test the switch and see that 
the clips are making good contact and that none of the 
connecting wires are broken at the switch terminals. 

If the break is in some part of the circuit other than 
the fuse, such as at Y in the starting resistance, Fig. 4, 
an indication that the circuit is alive will be given when 
the starting arm is brought up to the first or second con- 
tact and allowed to drop back to the off position; that is. 
a spark will occur when the field circuit is opened. 

If the motor does not start on the first or second con- 
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iact point, bring the arm back to the off position and look 
for the cause. If it is loaded, first determine whether 
the load is free so that it can be started; also, that the 
motor bearings are not set on the armature shaft or worn 
so as to allow the armature to rub against the polepieces. 
The writer recalls an instance in which he was called 
in to repair a pump motor that another electrician had 
heen working on all day, trying to get it to run. Upon 
attempting to turn the pump over by hand, it would 
not move, and the cause was traced to freezing of the 
pipe line running to the roof tank. There was nothing 
wrong with the motor or controller except what was 
caused by the ordeal they had been put through during 
the day. 

After it has been determined that everything is favor- 
able for the motor to run, the next thing is to make an 
inspection of all the electrical connections to see that 
they are tight and making good contact and tnat none 
of the wires are broken off at the connections; for some- 
times a wire bréaks off and will open only enough to in- 
terrupt the circuit, and unless it is moved it cannot be 
detected. If lugs are used on the wires, see that they 
are properly soldered, for if this has not been thoroughly 
done the wire will corrode in the connection and may 
cause an open circuit. All this is a hard and fast rule 
which may be applied to any motor whether direct- or 
alternating-current. Furthermore, it is well to make 
sure that the brushes are making good contact on the 
commutator and are free in the brush-holder pockets. 

If the foregoing has failed to disclose the reason 
for the motor not starting, next test for purely electrical 
troubles. In this connection, first test the starting de- 
vice. Fig. 5 shows a convenient way of doing this. Dis- 
connect the armature and field connections on the start- 
ing-box and place the arm on the first contact, as shown. 
Then connect one lead of the test lamp to the switch 
terminal S (the one connecting directly to the motor), 
and to make sure that everything is in condition to 
make the test, connect the other lead 7’ of the lamp to 
the other switch terminal S’. If the proper indication 
is had, next connect lead 7 to the “L” (line) connection 
on the starting-box. If the lamp continues to light, 
connect lead 7 to terminals A and F, as indicated, which 
in the present case will show a complete circuit through 
the starting-box to the terminal F, as indicated by the 
arrowheads, but not to terminal A, for the resistance is 
open at X. That is, when connected to F the lamp will 
light, but not when connected to A. 

The exact location of the fault can be easily deter- 
mined by testing to the contacts on the resistance. If 
lead T of the lamp is connected to contacts e, f or g, 
which are to the right of the break in the resistance, the 
lamp will not light, but when connected to d it will light. 
Since the lamp lights at d and not at e, it indicates that 
the cireuit is open between these contacts. 

A quick way to repair this fault is to drive a piece of 
fuse wire in between the contacts on the front of the 
slate between which the fault is located. A better and 
nore permanent way is to remove the cover from the 
starting-box and repair the break in the resistance coil. 
I! this cannot be located, as in some cases the coils are 
molded into a compound, the two contacts can be con- 
ected together on the back of the slate with a piece of 
wire. 
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In Fig. 6, X shows a break in the wire which connects 
the series and shunt fields direct to the switch. If the 
tests previously described are made and the circuit 
through the starting-box has been found complete, the 
next step will be to disconnect the two connecting wires 
between the motor and the starting-box, at the machine, 
and test through them as indicated. This will show ¢ 
closed circuit, as represented by the arrowheads. Next 
connect the armature and field wires to their respective 
terminals and test through the armature and field coils, 
as in Fig. 7, and if they are not defective the lamps 
should light. 

There is but one thing left to test and that is the con- 
necting wire from the switch to the series and shunt 
field connections. To do this, connect one lead of the 
lamp to the switch terminal S’ and the other to the end 
of the wire at the motor, as indicated in Fig. 8. In 
this case it will not light, which indicates that the cir- 
cuit is open between the switch and the other end of 
the wire. The defect may then be definitely located and 
repaired, or the wire replaced by a new conductor. If 
the wires are in conduit or molding, the defective one 
should be replaced by a new wire, for a spliced wire in 
molding or conduit is a violation of the Board of Fire 
Underwriters’ rules. 

A practical way of testing for an open circuit in the 
starting resistance is illustrated in Fig. 9. Close the 
switch and bring the starting-box arm upon the first 
contact, and then bridge between the contact buttons 
with a piece of metal; a screwdriver being convenient for 
this purpose. If the break is in the starting resistance, 
such as between d and e, the motor will start when the 
defect is remedied; then the switch may be opened and 
the fault repaired, as previously explained. 

An open circuit in the series field may be located as 
described in “Testing for Open Circuits in Field Coils,” 
(Power, Aug. 4, 1914). 

Portable Boiler Exploded 


This old boiler which the owner had recently purchased 
was being given a “tryout” on a wood saw. The engineer 
said the engine ran “snappy” with the throttle valve two 


ENGINE’s Postrion ArrEr EXxPpLosion 


turns open, which is taken as indicating that there was an 
excessively high pressure in the boiler, although the steam 
gage showed only 80 Ib. and the safety valve was set, by 
the same gage, to blow at 100 lb. 
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The failure occurred at the bottom of the firebox, of the 
water-bottom type, where there was a section approxi- 
mately 26 by 30 in. without stay-bolts. This section was 
forced upward, throwing the grate bars out through the 


lire-door. One section in its flight struck a dinner pail 
By Osborn 
SYNOPSIS—Smoke prevention in typical metal- 


lurgical furnaces operated in connection with 
waste-heat boilers. The latter are provided with 
independent furnaces. 


Quite frequently the hot gases from metallurgical fur- 
haces are available for steam making. When boilers are 
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ONE 280-HP HEINE BOILER HAND FIRED 

TWO 36 «18-6 "DRUMS, 4°8 "CENTERS 

SIX ROWS I6WIDE,5 ROWS 15 WIDE 

11-34 "TUBES 

GRATES 6'LONG IOWIDE -605Q FT 

AREA OVER BRIDGEWHLL 57SQFT 

AREB UNDER DEFLECTION ARCH 3(2-6'x 2-0) 

9"SPRING = 1225 SQ.FT. 

AREA THROUGH IST. PASS 4:0'x9°0=36 SQFT. 

AREA THROUGH 257. SQFT. 

AREA OF UPTAKES I. 5SQFT. 

AREA OF UPTAKES 2( 1.6 'J= 19.2 SQFT. 

AREA OF STACK 96 SQFT. 

STACK 3°6 "DIAM. x "(OIRECT) 

FUEL, COAL AND WASTE HEAT FROM FURNACE 

6-6"=995Q FT. 

44-5x5 OPENINGS FOR ADMISSION OF WASTE 

IRNACE 


Fic. 1. Wastr-Herat Borter SETTING WITH 
HAnp-Firep FuRNACE 
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carried by a schoolboy, who was passing at a distance o 
about 200 ft., tearing it from the bail. The force of th 
explosion impelled the engine forward, nearly overturn. 
ing it on the woodpile, as shown in the illustration. Two 
men were slightly injured. 
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combined with such furnaces it is sometimes desirable to 
so arrange them that they may be fired by hand when the 
furnace is down. In this case provision for smokeless 
operation can be made by installing one of the hand-fired 
furnaces shown in previous articles. Care must be exer- 
cised in selecting a furnace adaptable to the particular 
type of boiler being used. 

A typical installation is shown in Fig. 1. This boiler 
receives the waste gases from a billet-heating furnace, the 
gases coming through the perforated side walls of the 
setting. When this furnace is not in use the boiler can 


be fired by hand in the usual manner. As shown, the 
ONE ISO-HP CAHALL VERTICAL BOILER 
HEATING FURNACE - UNDER-FEED STOKER 
GRATE AREA 5~6 LONG x4* 22. 75 SQ.FT. AREA OF FURNACE THROAT =25SQFT 
HEATING AREA 12'LONG x6~6 "= 75 SQ.FT. STACK AREA 7SQFT- 

RATIO OF GRATE 70 FURNACE | HEATING SURFACE STACK 36 "DIAM. x 87-0" 


AREA OVER BRIDGE WALL 5-6x 
75 SQFT (INCLUDE AREA OF SEGMENT 5°6x0') 


RK « 


Fig. 3. AMERICAN UNDERFEED STOKER AND HEATING 
FurNAcE ConneEctTED To 150-Hp. CAHALL VER- 
TICAL WastTE-HEAT BotLer 
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Fic. 4. American STOKER AND ForGing 
FurNACE wittt 112-Hp. Firesox Borer 


setting consists of a standard tile-roof furnace, with de- 
flection arch, siphon steam jets and panel doors. Many 
metallurgical furnaces have underground breechings and 
it is generally simple to lead the gases to the boiler. 
The underfeed type of stoker is especially adapted for 
the smokeless operation of metallurgical furnaces because 
it does not depend on natural draft for its air supply. 
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Owing to the length of the gas passes and number of 
turns, etc., there is generally but little suction over the 
fire from natural draft. Any stoker depending on natural 
draft and an ignition arch is at a big disadvantage from 
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merely indicate how ihe different combinations can be op- 
erated without smoke. 

Forging furnaces are often connected to waste-heat 
boilers, as the steam raised by the boilers can be used to 
advantage in the steam hammers, the 
same fuel sufficing for all operations 
in the shop. Fig. 4 shows an interest- 
ing and compact installation of this 
kind, consisting of a 112-hp. firebox 
boiler over a forging furnace fitted 
with an underfeed stoker. 

When hand fired, the malleable- 
iron melting furnace produces a 
great deal of smoke. The underfeed 
stoker can be applied to this furnace 


with advantage and the waste heat 


used for steam making, as shown in 
Fig. 5. The latter consists of a 400- 


YA Y boiler attached to a melting furnace 
4 8 YY using an underfeed stoker and hav- 

3 Y ing an auxiliary hand-fired furnace 

YY for emergency purposes. With a by- 

: pass to the stack the melting fur- 

AN | 8, nace can be operated when the boiler 

AN | y Yyyy is down for cleaning or repairs. Also, 

Va WMA the furnace can be cut off from the 


boiler and the latter operated inde- 


SECTION A-B 
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pendently by closing the firebrick 
curtain-wall or damper, as indicated 
in the drawing. This makes a flexible 
combination. Another forging fur- 
nace with a Jones self-cleaning un- 
derfeed stoker is shown in Fig. 6, at- 
tached to a Wickes waste-heat boiler. 


Belt-Driven Coal Crushers—The 
son Electric Illuminating Co., Brook- 


SECTION C-D 


Fig. 5. JONES UNDERFEED STOKER AND MALLEABLE-IRON MELTING 


lyn, N. Y., has found it advantageous 
to sacrifice plant efficiency obtained by 
using steam engines and to use motor 
drive with belt transmission for driv- 


Furnace 400-Hpr. Wickes Waste-HrEat BoILer 


the standpoint of maintenance and capacity. An under- 
feed stoker will operate satisfactorily under conditions 
where a natural-draft stoker would burn up from the heat 
bottled in the furnace. 

Fig. 2 shows a waste-heat boiler of the horizontal re- 
turn-tubular type installed in connection with a reheating 
furnace having an underfeed stoker. The boiler itself 
is equipped for hand firing, an ordinary No. 8 furnace 
containing a pier and wing walls being installed behind 
the bridge-wall. The usual rules for furnace areas based 
on the grate surface are allowed. If the boiler is to be 
used much, independently of the waste-heat furnace, the 
sume stack height required by an independent boiler 
should be provided. 

Another combination of metallurgical furnace and 
waste-heat boiler is shown in Fig. 3. In this case the 
ratio of grate to metallurgical heating surface is given 
as 1 to 3.29. The gases pass up through the lower drum 
of a specially constructed Cahall vertical boiler. Ob- 
viously, the proportions of the furnace depend on the 
)roduct to be heated, so that the design must be varied to 
suit the conditions. The accompanying illustrations 
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Fic. 6. JONES SELF-CLEANING UNDERFEED STOKER IN 
Foraging Furnace AND Wickes WAstTE-HeEat 


ing its coal crushers, as an obstruction in the crusher will 
either throw the belt or open the motor circuit-breaker in- 
stead of breaking parts of the crusher. Car couplings and 
pieces of steel frequently passed into the crusher with the 
coal, which stopped the rolls and the engine with a shock, 
thus subjecting the parts to excessive stresses. With belt 
drive the crusher and motor are protected against injury. 


) 
0 
— — — PASS | 
ve Neat 
4 
; 
GY 
Yj 
YY. 
WY 
Y 
Yi, 
‘ 
All 
| 
| 
| 
J 


198 


POWER 


Vol. 41, No. 6 


Selecting a Pump for General 
Service 


By CuHarurs L. 


SYNOPSIS—The article takes up briefly some 
of the more important points to be considered in 
the selection of a pump for general service in con- 
nection with power and industrial plants. 


When the water is taken from the public mains or 
flows to the plant by gravity, the problem is simple and 
usually involves only the proportioning of pipes to the 
pressure and volume required. When the power house 
is at a higher elevation than the source of supply, the 
water must be pumped. If the conditions are such that 
the friction head in the suction pipe, plus the elevation, 
does not exceed fifteen to eighteen feet, the pumping 
equipment may be placed in the power house ; otherwise, it 
must be located at some intermediate point where this 
limit will not be exceeded. Direct-acting steam pumps, 
engine- and turbine-driven plunger pumps and centrifugal 
pumps are adapted to the first of these conditions, and 
also to the last when the distance is not so great as to 
make the carrying of steam from the power house both 
expensive and wasteful. When the distance exceeds a 
certain limit it is usually better to drive the pump by an 
electric motor or gasoline engine than to install and care 
for a special boiler. 

When the water is taken from a river, and the grades 
are suitable, a hydraulic ram may be employed where 
there is an abundance of water. This device is made in a 
large number of sizes and requires practically no atten- 
tion, as the only parts subject to wear are the rubber 
valve-disks. With artesian wells there are two methods in 
common use for pumping the water. In the first, each 
well is equipped with a lift-pump driven by steam, elec- 
tricity or gasoline, and connected with a common main 
leading to the power house. The second method makes 
use of the “air lift” and is especially adapted to cases 
where it is desirable to increase the flow and to plants 
using a series of wells, as one compressing outfit in the 
power house may be made to do the entire work. 


Direct-ActTinG STEAM Pump 


This type is made in a variety of forms and sizes and 
is widely used for power-plant work. Piston pumps are 
adapted to locations where the water is free from grit or 
other substances likely to destroy the packing. When these 
are present, the plunger pump is preferable on account of 
the ease with which the worn parts may be repacked or 
renewed. One of the chief disadvantages of the direct-act- 
ing pump is its excessive steam consumption as compared 
with an engine or turbine, but this is offset in many cases 
by the low cost of installation, convenience and ease with 
which the speed may be regulated to meet varying require- 
ments. Pumps of this type are made single, duplex, 
simple and compound, according to requirements. 

Direct-acting pumps have an average mechanical ef- 
ficiency of 65 to 75 per cent. and a “slippage” of 15 to 20 
per cent. under ordinary conditions of adjustment. The 
steam consumption of small and medium duplex pumps 


will run from 80 to 160 Ib. per developed horsepower, 
per hour, according to the size. By compounding, this 
may be reduced from 40 to 50 per cent. Pumps of this 
type are operated at a comparatively low speed, although 
the steam consumption per unit of work decreases as the 
speed increases. For large sizes the piston speed is usually 
limited to 100 ft. per minute, but for strokes of less than 
twelve or fourteen inches, the piston speed should be re- 
duced proportionately. Pumps which are to run con- 
tinuously should be designed to operate at about one-half 
the maximum allowable speed noted above. 


PowrEr Pumps 


Power or geared pumps are used for practically the 
same purposes as the steam pumps just mentioned, but 
they are more economical to operate as they may be driven 
by an engine, turbine or motor. When belted to line shaft- 
ing or driven by prime movers requiring a constant speed, 
they are not so desirable as the steam pump, owing to 
the difficulty of regulation. When used for supplying 
tanks and reservoirs or other purposes where they may be 
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run at constant speed for long periods, they give satisfac- 
tory results and are supplanting the steam pump in many 
lines of service. 

The efficiency of the triplex pump may be taken as 
about 60 per cent. for total heads of 100 ft., 70 per 
cent. for 200 ft., and 80 per cent. for 300 ft. The slippage 
is usually from 15 to 20 per cent. 


CENTRIFUGAL Pumps 


Pumps of this type have come into general use with 
the advent of the electric motor and the steam turbine. 
These are of two general forms, the “volute” and the “tur- 
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bine,” varying chiefly with the interior construction of 
the casing. 

The volute pump is usually single-stage, and limited 
to heads of 100 to 120 ft., although two-stage machines 
are constructed for much higher pressures. Turbine 
pumps are designed for high lifts and are usually com- 
pounded in order to reduce the peripheral velocity and 
thus reduce the friction. It is important when using 
a centrifugal pump of any type to select one designed 
for the conditions under which it is to operate. 

The efficiency of centrifugal pumps commonly runs 
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hy a compressor in the power house, the air pipe follow- 
ing the line of the water pipe. 

The tank D is for equalizing the pressure and reducing 
the pulsation between the strokes. The distance B is 
called the “submergence,” C the lift, and A the total head. 
In practical work the submergence is expressed as a per- 
centage of the total head. For example, if A and B are 
250 and 150 ft., respectively, the submergence is 


or 60 per cent. The efficiency of an 
air lift increases with the percentage 
of submergence and commonly runs 
from about 30 per cent. for 


H Drive Pipe Drive Pipe 
RAM B 
RAM — = 0.5 
Drain Pipe A 
Drain Pipe up to 50 per cent. for 
Fig. 2. Fig. 3. B 
Metuops or Connectineg Hypraunic Rams 0.8 


from 60 to 80 per cent. for the better types, working under 
the conditions for which they were designed. The slip- 
page varies from about 20 to 60 per cent., according to 
size and construction. 

Among the advantages of this pump are simplicity and 
compactness, absence of valves, low cost, uniform delivery 
and high rotative speed, adapting it to direct connection 
with motors and turbines. On the other hand, it is not 
possible to obtain as high an efficiency as with the best 
designs of piston pumps when the latter are kept in first- 
class condition. Furthermore, the speed cannot be varied, 
except within narrow limits, without loss of efficiency. 


Pumps 


Deep wells are of two kinds—open wells having a 
large diameter, and driven or artesian wells. The type 
of equipment required in the first case consists of one or 
more pump cylinders placed within eighteen or twenty 
feet of the surface of the water and connected with some 
form of pump head at the top of the well by means of a 
long rod. The water is raised to the cylinder by suction 
and is then lifted or forced from this point to the surface 
of the ground. 

With an artesian well an outer tube is driven to the re- 
quired depth, extending to the surface of the ground. In- 
side of this, submerged in the water near the bottom, is 
the “barrel” containing the pump bucket and foot valve. 
The bucket or plunger is connected with a pump head at 
the top of the well by means of a wooden sucker rod, this 
material being used in order to reduce the weight. Pumps 
of this kind may be operated by a direct-acting steam 
cylinder or by a geared electric motor or a gasoline engine. 

Deep-well pumps have an efficiency of 40 to 50 per 
cent. and a slippage of 10 to 15 per cent. 
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The principle of the air lift is shown in Fig. 1. A water 
pipe is carried down to the required depth, together with 
an air pipe either on the outside or the inside, as con- 
venient. Compressed air is forced into the water pipe 
near the bottom, thus decreasing the density of the water 
within it, due to the air bubbles, and an upward flow is 
produced by the difference in weight between the column 
of solid water and the mixture of air and water. Air 
under sufficient pressure for raising the water is furnished 


A ratio of about 1 to 6 between the areas of the air and 
water pipes gives the best results for average conditions. 
If the air pipe is too large, power will be wasted in a high 
water velocity, and if too small, the air bubbles will not 
expand sufficiently to fill the discharge pipe, but will rise 
through the water without lifting it. 


Hyprautic Ram 


This offers the cheapest means of pumping where there 
is a sufficient supply of water and suitable grades. 

Two general methods of connecting a hydraulic ram 
are shown in Figs. 2 and 3. If the drive pipe is too long, 
the excessive friction will interfere with the proper action 
of the ram, and if too short, water will be forced back 
into the drive tank. In practice it is customary to make 
the length of drive pipe equal approximately to the lift 
(i) to the tank or reservoir. When it is necessary, for 
any reason, to locate the ram at a greater distance from 
the source of supply, the required length of drive pipe can 
he secured by introducing a standpipe or intermediate 
drive tank nearer the ram, as shown in Fig. 3. For large 
quantities of water the fall from the source to the ram 
should not be less than two feet and, unless special pro- 
visions are made, should not in general exceed twelve or 
fifteen feet, owing to the shock when the flow is suddenly 
checked in the drive pipe. 

Standard rams are made in large sizes, using from 
400 to 15,000 gal. of water per minute (@), operating 
under a fall of 114 to 50 ft., and raising water 35 ft. per 
foot of fall, up to a maximum of about 800 ft. 

The working formulas for the hydraulic ram are as 
follows : 


XH 


in which 
g = Gallons‘discharged by ram; 
(¢ = Gallons required for operating the ram; 
II = Fall, in feet, from source of supply to ram; 
h = Height, in feet, to which water is lifted above 
the ram. 
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Chart for Coal Purchasers 
By W. V. Bow.zs 


Although coal is bought for evaporating water, few 
buy it on an evaporative basis. The reason usually given 
is that the human element or “error” cannot be accounted 
or compensated for. Most engineers agree that the evap- 
orative basis is the correct one on which to buy coal. 

Assume a plant which requires, say, 3000 or more tons 
of coal a year, and it is desired to purchase coal on an 
evaporative basis. The first thing to do is to run a test 
on the boilers with various coals and make a chart from 
the records obtained. The accompanying chart is plotted 
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the operating force to be at fault. A similar conditio) 
is indicated in the next column. 

Under period 7 the evaporation dropped 0.069 pe, 
cent., but the operating conditions were according to 
adopted standards, when the coal company is penalized a), 
equivalent of 0.069 on the coal burned during that perioi|. 
If a better evaporation is gained than is shown by thx 
standard line, as in period 10, the coal company is give): 
a bonus equal to the increase; in this case, 0.092 per cent. 
If a shipment of bad coal comes in and the operating con- 
ditions are allowed to deviate from the standard, bot! 
will be shown in their correct proportion. 

It may be found desirable to add draft lines to show 
conditions in other passes of 
1 23 46 6 7 8 19 the boiler, also temperature 


Sees g curves from various 
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passes. With proper checks 
8 510 Asti ittt the human element can 
7457. / TEETH be accurately checked and 
: Wit pears no good reason why 
7 H control or influence the pur- 
HELE chase of coal on an evapora- 
HN excellent thing to carry 
++ HH along from day to day for 
. 8 ! the benefit of the plant, even 
P 
§ 03 +H though it is not intended to 
802 Hig buy fuel on this basis, for it 
will show the value of the 
firemen in dollars and cents. 
Lt . . 
= sath Like all other kinds of 
Cuart Snowine Borner | require much time to be 
PERFORMANCE WITH 833tt made out. But in plants 
=6olarge enough to warrant 
DIFFERENT CoALs 938 
checking o rformances 
hecking of perf 
9 of apparatus a clerk is 
available who can plot 


from a stoker plant and illustrates the idea and plan of 
procedure. 

It is understood that the coal company should have 
a competent representative present during the test and at 
the calibration of all instruments and to have access 
to all records. First, the attainable evaporation and CO, 
curves are plotted at all boiler loads, together with a 
curve showing the best draft to use. Below is plotted a 
curve showing what is in the plant, termed “the adopted 
standard.” This is based on a longer test when uncon- 
trollable conditions may be taken into account. 

The chart is also divided into a number of time periods, 
hours or days, as may be found most suitable. As each 
period is ended the average boiler rating is marked at 
the top, and below is plotted the adopted standard. 

Referring to the charts under period 2, it is found that 
the average rating was 150 per cent. The equivalent evap- 
oration should be 10.4 Ib. per pound of coal, but the actual 
evaporation fell off to 10 lb. Following down the column, 
may be found the reason. The CO, dropped from 1214 
to 12 per cent. Following still further down the column, 
the draft has increased from 0.16 to 0.175 in., showing 


curves from the tabular 
matter given him. Cross-section paper may be purchased 
that will fit nicely into large loose-leaf book covers. 
& 

Conditions Are Reversed in Making Gas—The steam en- 
gineer aims at minimum CO and maximum COs, while the gas 
producer engineer strives for maximum CO and minimum 
Co;. A boiler works with a fuel bed usually varying in thick- 
ness from 3 to 12 in., whereas the depth of fuel bed in the 
producer varies from 2 to 10 ft. Maximum temperature in 
the furnace is the ambition of the fireman; on the other hand, 
a combustion zone of approximately 2000 deg. F., but varying 


with the nature of the fuel, gives the best results in the 
gas producer. 

Philadelphia Municipal Lighting Plant—It is said that defi- 
nite plans are being drawn up by the city of Philadelphia for 
the establishment of a municipal electric-lighting plant, which 
is to be ready to take over the lighting of the streets by 1915. 
It is understood that the plans of the Mayor, and Director of 
Public Works Cooke, contemplate the installation of a muni- 
cipal electric plant at the old Spring Garden pumping station 
of the water-works, and the Keystone Telephone Co. has been 
asked for an option on the use of its underground conduits 
for the distribution system. The action was brought about 
by a recent decision of the State Public Service Commission, 
that a municipality has the right to establish a lighting sys- 
tem of its own without authority from the Commission, so 
long as it does not attempt commercial lighting. 


P 
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Editorials 


Engineers’ Wages 


Quite a few letters commenting on Mr. Pagett’s arti- 
cle on this subject in the January fifth issue have been 
received, for the subject, broadly, is of interest. Nothing 
new or valuable is contained in these letters and for this 
reason we do not publish them. The writers, with few 
exceptions, recognize the fact that local conditions vary 
so widely that one should not expect to find a uniform 
wage over several sections of the country. These letters 
reflect the good judgment of power-plant men by claim- 
ing that it is right that there is no wage standard among 
engineers. The very nature of the service precludes such 
a thing if equity to all is to be had. 

If an engineer’s duties consisted chiefly of a few move- 
ments, physical or mental, if there were even a remote 
possibility of “Taylorizing” him, if there were a sem- 
blance of standardization about his routine, then well 
enough to talk about a standard wage. But these thing: 
cannot be. The individual’s service is the only true 
measure of his worth. 


Coal-Saving (?) Dope 


There seems to be an epidemic of coal-savers on the 
market—not methods and apparatus for saving coal in 
a legitimate way, but nostrums which, sprinkled upon 
the coal, are claimed to greatly intensify its calorific value 
or at least the efficiency with which it can be burned. 

As the rustic visitor to the circus said of the giraffe, 
“There ain’t no such animal.” And even as the rustic 
said it in the actual presence of the beast, we reiterate it 
in the face of claims of results produced and testimonials 
to savings supposed to have been accomplished. 

There is no substance known to man which, sprinkled 
upon coal, will make it evaporate more additional water 
than the extra coal which the price of the dope would 
have bought could generate. Let us make a slight reser- 
vation. There are some coals which, thrown upon the 
fire, will immediately disengage a lot of volatiles like 
a bunch of kerosene-soaked waste. A little water sprinkled 
upon such coal will retard this action and perhaps save 
enough in volatiles which would otherwise escape, to more 
than offset the loss of the heat required to evaporate the 
water. But the action is as described and not due, as is 
often claimed, to the combustion of the decomposed 
water: for it takes just as much heat to decompose the 
water as it generates in getting together again. 

We got caught once with one of these concoctions. We 
told the promoter that if he would have a test made of it 
by a competent and reputable engineer, and if it showed 
a material saving, we would publish the test and proclaim 
the results. He let us choose the authority, and to our 
astonishment the test showed from seven to sixteen per 
cent. better evaporation with the dope than without it. 

The files of Powrr will show that we carried out our 
promise; but even with the treated coal the evaporation 
Was only six and a half to seven pounds, and a very lit- 


tle difference in manipulation would account for the 
bringing of a wretched performance up to this not much 
better one. That our skepticism was warranted is shown 
by the fact that the stuff was never able to hold its place 
upon the market. 

This was many years ago. Before and since, many 
compounds for the same purpose have been hawked about, 
found a few victims and passed away. We have analyzed 
and exposed several of them. If they were any good, 
they would be in universal use now. Do not spend good 
money for them and be made ridiculous without some- 
thing better than a salesman’s claims or a lot of ques- 
tionable testimonials to fall back upon when the inevi- 
table failure comes. 


Uniflow Una-eflow 


The German term Gleichslrom (gleich = even, same: 
Strom = stream, current) used by German electricians 
for “continuous current” applies naturally to the contin- 
uous or unidirectional flow of the steam in the central- 
exhaust engine, reinvented and made a success by Profes- 
sor Stumpf; and in German this is known as the g/eich- 
strom engine. The English equivalent, unidirectional- 
flow, is cumbersome and soon became contracted to “uni- 
flow.” When the English translation of Professor 
Stumpf’s book upon the engine appeared it bore the title 
“The Una-flow Engine.” Curious as to the reason for 
this variation, we wrote to Professor Stumpf and to the 
translator. 

Professor Stumpf says: “After considerable correspond- 
ence between Mr. Alexander and myself we decided upon 
the name ‘Una-flow. This is a little in line with, for 
instance, contra-flow condenser, and should be better than 
‘Uni-flow. I prefer to use the hyphen, but this is a 
matter of taste. Uni-directional-flow engine was our first 
name, but we found it to be too long. Nobody would say 
contra-directional-flow condenser. Therefore we dropped 
this name and replaced it by ‘Una-flow.’ ” 

Mr. Peter S. H. Alexander, the translator of the book, 
says in reply: “The full term which was used by Profes- 
sor Stumpf and myself was originally uni-directional- 
flow. When the book was fully prepared for the press 
in England, the English licensees, Messrs. Musgrave, had 
already issued a circular in which they had described it 
as the ‘Una-flow.’. In view of this, after some little dis- 
cussion, it was decided, in deference to the new christen- 
ing of Messrs. Musgrave, that the title of the book should 
be ‘The Una-flow Engine.’ If a short title is to be pre- 
ferred to the full title of uni-directional-flow, I should 
say that ‘Uniflow’ in one word would be the best, from 
the point of view of everyday language. I am exceed- 
ingly sorry that there is not a more subtle or logical rea- 
son for calling the engine by the name ‘Una-flow.’ ” 

We quite agree with the translator. The English pre- 
fix for one is uni, not una. The prefix for counter or 
against is contra, but it is just as logical to signify the 
unidirectional flow of the steam in the central-ported 
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engine by “Una-flow,” in an attempted analogy with 
contra-flow, as it would be to speak of the contri-flow 
condenser, in a forced attempt to be consistent with the 
other prefix. 

We apprehend that Professor Stumpf knows more 
about inventing and designing the engine than he does 
about coining an English name for it, and are afraid that 
we cannot follow his lead in this respect, although we 
were inclined to adopt the spelling proposed by the man 
who is responsible for the success of the engine itself. 


Formulas for Bumped Heads 


At a recent hearing of the Massachusetts Board of 
Boiler Rules, it was shown that a number of the changes 
proposed by the board and which were considered at 
this hearing, were not intended as they were written. 
An engineer of national prominence who was present 
suggested that it would be well for the board to employ 
an engineering editor to draft such changes or addi- 
tions to the rules as might be desired, so that the in- 
tent of the board would be expressed by the rules as 
written. The Air Tank regulations, just issued by the 
Board of Boiler Rules, is another evidence that the ad- 
vice of this engineer was good. It is difficult to express 
just what is intended unless one is a master of the 
English language, and especially is this so when techni- 
cal subjects are treated. 

In the Air Tank regulations that were adopted under 
date of December 16, 1913, the rules were intended to 
be very specific as regards the calculation of the strength 
of bumped heads, and were drawn up as follows: 


BUMPED HEADS 
11. The minimum thickness of a convex head, convex to 
pressure, shall be determined by the following formula: 
RX F.S. X P 


T.S. 
The minimum thickness of a concave head, concave to 
pressure, shall be determined by the following formula: 


Rx P 
0.6(T.S.) 
R = One-half the radius to which the head is bumped; 
F.S. = 5 = factor of safety; 
P = Working pressure, in pounds per square inch, for 


which the tank is designed; 
T.S. = Tensile strength, in pounds per square inch, 
stamped on the head by the manufacturer; 
t = Thickness of head in inches. 

It was unfortunate that a convexed head was referred 
to as one convexed to pressure, because this was con- 
trary to the generally accepted idea on the subject; but 
this would not have been an insurmountable difficulty if 
it had not happened that the formulas were somehow 
reversed as applied to the two forms of heads, result- 
ing in a higher pressure being allowed on a head which 
was convexed to pressure than on one concaved to pres- 
sure, as will be seen by noting the formulas given. 

Soon after the publication of this set of rules, it was 
found that they contained a number of errors and the 
rules were never rigidly enforced; but the present issue 
was prepared after a new act of the legislature, and it 
was anticipated that the previous errors would be cor- 
rected. The present Air Tank rules were approved by 
the Board on August 12, 1914, and the subject of bumped 
heads was treated as follows: 

BUMPED HEADS 


Convex Head, Curved Outward from the Shell 
12. The minimum thickness of a convex head for riveted 
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or forged welded shells shall be 


except that the least thickness shall be % in. on tanks 20 in. 
in diameter or larger, and ,; in. on tanks of less than 20 in. 
diameter. 
The minimum thickness of a convex head for seamless 
cylinders shall be 
5RP 


except that the least thickness shall be % in. 
Concave Head, Curved Inward to the Shell 
The minimum thickness of a concave head shall be 
= 1,67 t 


c= 


where 

t = Thickness, in inches, of a convex head; 

P= Working pressure, in pounds per square inch, for 
which the tank is designed; 

R = Radius, in inches = % the inside diameter of the 
outside course of the shell; 

S = Tensile strength of the shell plates, in pounds per 
square inch; 

t; = Thickness of a concave head, in inches. 

Convex and concave heads shall be dished to a radius equal 
to or less than the diameter of the shell, and shall be true 
portions of spheres. 

The description of a convex head defines what is in- 
tended and the formula given is correct as far as the 
evident intent to increase the safety factor on such heads 
is concerned; but in calculating the strength of a con- 
vex head there is no occasion to involve the tensile 
strength of the material of the shell plates of the vessel 
to which it is attached. That the Board of Boiler Rules 
believed that there was some connection between these 
two or that it has made the mistake of improperly ex- 
pressing itself, is evident from the definition of XS. 

It will be seen, too, that an error has been made in 
the definition of R. If R had been stated as equal to 
one-half the radius in inches or, more correctly, as 
equal to one-half the radius to which the head was 
bumped, in inches, without any further additions, the 
formula would have been correct as far as the calcula- 
tion of the strength of a bumped head was concerned. 
However, allowing that this error is a possible mistake 
of the printer, the matter is still not cleared up with 
the added information as given in the rule, for it will 
be noted that the sentence immediately below the defini- 
tions of the letters used in the formulas does not coin- 
cide with the definition of R. The sentence referred 
to provides for any radius for a bumped head which does 
not exceed the diameter of the shell to which the head 
is attached, while the definition of R would preclude the 
use of any radius which would not equal the radius of 
the shell to which the head was attached. It will be 
seen that if the rule must be literally followed as writ- 
ten, only a hemispherical head will be acceptable, and 
the value of ¢ as found by the formula, will be twice as 
great as was really intended. 

As stated in the beginning, it is diffieult to write 
rules so that they will express just what is intended, but 
the employment of an experienced editor to review the 
tules before their publication would have avoided the 
errors here pointed out and would have been a real econ- 
omy to the State of Massachusetts. 

In every plant and factory some sort of an emergency 
first-aid-to-the-injured kit should be provided. A modest 
and yet complete one is that described on page 185, 
adopted as standard by the Conference Board of Safety 
and Sanitation. As this outfit is sold without profit, we 
are free to recommend it most heartily. 
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A Correction 


In the issue of Jan. 5 I note in the article by Norman 
G. Meade, “Electromagnets for Alternating-Current 
Circuits,” in the calculation of the magnet to work on 
25 cycles, that the line voltage is taken at 440 volts. 
In figuring the formula for turns (7) the value 1468 
turns is the number required for the entire core, or 
the 440 volts, and not for one coil, as stated. The com- 
putations then should be as follows: 

1468 


Turns per spool = — 734 


The ampere-turns as stated in the article are 3150 
3150 
per spool. Therefore, the amperes would be 734 7 
4.3. At 2000 cire.mils per ampere this figures 8600 
cire.mils. The nearest wire to this size is No. 11 B. & 
S., which has an area of 8234 cire.mils. 
From the table given in the article, No. 11 wire has 
9.7 turns per inch and, allowing 814 in. for the length 
734 . 
of the spool, gives 82.5 turns per layer: 395 18 approxi- 
mately 9 layers. Assuming that the layers and the 
insulation between them measure 1.5 in., the length of 
a mean turn will be 18 in. and 
734 X 18 
12 
or 2200 ft. as the total length. 

No. 11 wire has a resistance of 1.25 ohms per 1000 ft., 
or for the coil of 2200 ft. the resistance would be 2.2 
1.25 = 2.75 ohms. Then the I?R loss equals 4.3 & 4.3 
X 2.75 = 50.9 watts. The hysteresis and eddy current 
losses will not change and the total loss in watts will be 
50.9 + 41.4 + 10 = 102.3 watts. 


= 1100 ft. per spool 


W. O. Jacont. 
Omaha, Neb. 


Peculiar Gas-Engine Accident 


After studying over the account of the gas-engine ac- 
cident as reported in the Dec. 29 issue, page 935, I can- 
not see how the engine could have been wrecked in any 
other way than by preignition or a continued too early 
ignition, which can readily develop from the use of a hot 
tube. The jacket water becoming very hot and heat 
radiating up around the tube guard, the flame around 
the tube, being better guarded, would increase in tem- 
perature. This would heat the tube to a whiter heat, 
which would ignite the gas at a lower compression ; also, 
the cylinder being hot, the gas would reach a higher tem- 
perature in an earlier stage of the compression. Contin- 
ued early ignition would put an unusual strain upon 
the housing or bedplate, and it may have been gradually 
lractured until one very early preignition caused it to 
give away. 

The conditions do not indicate that the break was 
caused by water. In the first place, the clearance of a gas 
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engine is nearly 20 per cent., or one-fifth the volume of 
the cylinder. Using illuminating gas, it is probable that 
the mixture was about one to eight and not lower than 
one to six; therefore, the gas volume of any charge would 
be less than the volume of the clearance. Consequently, 
the gas opening to the cylinder would probably not pass 
at any one stroke a larger volume of water than that of 
the gas, so that it would be impossible for enough water 
to pass into the cylinder in one stroke to more than fill 
the clearance. Moreover, if there had been enough water 
in the gas line to fill the opening at any one time, the 
gas flow previously would have been so reduced that the 
engine would have stopped or operated irregularly. Again, 
if small quantities of water had been coming over, 
before enough water had accumulated to interfere 
with the piston the cooling effect and moisture would 
have “killed” the hot tube, so that the engine would 
have continued to miss fire and stop. 

The resulting condition of the engine would indicate 
an explosive break rather than a water break. In the 
latter event the strain would not have reached the break- 
ing point until the piston was nearly in the center, 
in which case the breaking strain would have been in al- 
most a straight line and the engine would not have buckled 
upward very much. With preignition, the break might 
have resulted while the piston was two-thirds or three- 
quarters of the way to the head center, which would leave 
the crank at a low angle and the strain upward. This 
would have the tendency to throw the shaft end forward 
and the cylinder upward, and the still expanding gas of 
the explosion would blow the piston clear out of the cyl- 
inder and upward, where it afterward fell back on top of 
the cylinder. If the force of the explosion had been a 
little greater, no doubt the piston would have been found 
lying on the floor in front of the engine. 

L. M. Jonson. 

Emsworth, Penn. 


A personal inspection of this engine might disclose some 
peculiar reason for this accident, but if I understand 
the nature of the accident, one does not have to look far 
for the cause. It is stated that the bedplate cracked square 
across, and if that means a crack extending roughly in 
a vertical direction from a point on the frame just back 
of the main bearings to the bottom of the frame, the 
cause would seem to have been faulty design. The 
forces acting are exerted in a line coincident with or par- 
allel to the engine axis, and yet, in this type of engine 
the metal through which the total force of each explosion 
reacts (the frame) is placed some distance below this 
axial line. The resulting action may be compared to the 
process of breaking a chicken’s wishbone by pulling on 
the ends. The frame must stand a much greater stress 
than if the metal were placed symmetrically about the 
center line, and many builders do not seem to appreciate 
this fact sufficiently to induce them to put enough metal 
in the frame. 
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A better method is to design the frame so that the re- 
action is taken up by metal distributed about the line of 
action (the forces transmitted through the piston rod and 
connecting-rod) ; builders of large gas engines would not 
dare build them with any other type of frame. 

Every explosion, in the type of engine illustrated, is a 
force tending to open up the frame in exactly the place 
and manner in which it evidently let go, and the intermit- 
tent application of such a force is very apt to have the ob- 
served effect in time. 

The writer has seen a number of accidents of this very 
kind in this type. The peculiar circumstance was the 
position of the piston after the accident and the fact thet 
the frame settled back into place. The rear end of the 
frame, together with the cylinder, usually makes a rapid 
rearward journey until stopped by something solid. 

L. B. Lenr. 

Brewster, N. Y. 


The break would seem to have been cause: by a pre- 
mature ignition. This is a common occurrence with hot- 
tube ignition, causing beds to break unless made extra 
heavy. It was only a short time ago that the writer saw 
a new 50-hp. envine bed break from this very cause. 

G. STRoM. 

Titusville, Penn. 


The accident was probably caused by water in the 
cylinder or preignition, as stated. Personally, I favor the 
preignition theory, as the hot tube is quite liable to vary 
the time of ignition—more so than the mechanically timed 
electrical system; or the charge may have preignited be- 
cause of incandescent carbon in the cylinders, overheating, 
etc. It doesn’t seem that enough water could have been 
drawn into the cylinders from the gas line to have caused 
any damage, as only a small part of the charge is gas. 

Forrest R. Carpenter. 

Salmon Falls, N. H. 


Comment on Ammonia 
Diagrams 


I note in your Dec. 29 issue, page 930, two articles on 
ammonia-compressor diagrams. The first, by Charles 
Mugler, does not give the clearance of the compressor 
either in per cent. of displacement or in per cent. of the 
erank-end and head-end volumes. This information 
should be given, as otherwise it is impossible to judge 
whether or not the compression obtained is that for a 
machine in good condition. The compression curves just 
after the suction valves have closed seem to show an un- 
usual increase in pressure, which may be due to piston 
leakage, but without knowing the clearance of the com- 
pressor it is, impossible to draw correct adiabatic curves 
on these diagrams. If the diagrams are drawn to scale, 
the pressure at the end of suction for both ends of the 
compressor is about 19 Ib., whereas for a compressor with 
properly designed suction valves the pressure at this 
point should be higher than the pressure recorded on the 
suction gage. This is due to the inertia of the vapor in 
the suction pipe which keeps the valves open even after 
the piston has reached the end of the stroke. The exces- 
sively high discharge pressure. even after the discharge 
valves are open, indicates that either the ammonia con- 
denser to which this machine is connected is too small, 
or the discharge pipe too small in diameter for its length. 
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The fact that there is a hook at the end of the expan- 
sion line of the right-hand diagram, and not one on ¢!ye 
left-hand one, shows that the suction valve on the rig/it- 
hand end of the machine either stick: or is provided wit) 
a stronger spring than the one on the left-hand end. 

In regard to D. H. Crawford’s discussion of the am- 
monia-compressor diagram, I do not agree with his ex- 
planation of the broken-line discharge curve BCDE (1). 
29). Whenever an ammonia-compressc” ciagram is tal- 
en with a rather weak indicator spring, these zigzay 
lines are frequently noticed and are generally caused \y 
the momentum acquired by the indicator piston from the 
rapid rise of pressure in the compressor near the end of 
the compression stroke, and seldom by the chattering of 
the discharge valve. 

FrED OpuHits. 

New York City. 


Handy Staging 


The illustration shows a handy staging for use when 
working on shafting, pulleys, the fronts of boilers, ete. 


DETAIL AT 


STAGING 


APPLICATION OF 


ONE THE 
Any handy man can make and attach it to a couple of 
ladders without difficulty. 
THOMAS SHEEHAN. 
Williamstown, Mass. 


Feed-Water Heaters 


In the issue of Oct. 13, page 540, L. B. Carl commented 
on the relative merits of open and closed feed-water heat- 
ers. 

The writer, having had considerable experience with 
feed-water heaters, begs to call attention to one statement 
made therein as follows: “A closed heater is not suitable. 
where the exhaust steam is intermittent, because the sud- 
den changes in temperature will loosen the tubes.” This 
is true of the straight-tube type only, and where proper 
provision is not made to allow for the unequal expansion 
of the shell and tubes. 

I believe the best heater for resisting the effect of sud- 
den temperature changes is the coil type when properly 
designed and built, as it will operate for any number of 
years without any of the joints becoming loosened, due 
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to expansion and contraction. All the joints should be 
brazed, as these are best able to stand the boiler pressure 
and sudden temperature changes. 
W. C. BEEKLey. 
Hartford, Conn. 


The Night Engineer Off Dut 


The editorial in Power, Oct. 13, 1914, entitled “The 
Night Engineer Off Duty” was certainly appreciated by 
me, for I spent three years on the night turn. 

It calls to my mind a little incident of Yankee in- 
genuity. Several years ago, while erecting an ice plant in 
the South, I visited the factory one night to see how the 
machine was running, for we had just started and I was on 
the lookout for trouble. I found the old man who had the 
night turn sitting in a chair, holding a 12-in. monkey- 
wrench in his hand. As he did not seem to be using it, I 
asked why he was holding it, and this was the answer: It 
had been too hot that day to sleep much and he was sleepy. 
If he went to sleep he would loosen his hold on the wrench, 
it would fall to the floor and awaken him. He would then 
get up and take a look around the engine room, sit down 
and pick up his monkey-wrench alarm and take another 
rest. 

Perry Losu. 

Muncie, Ind. 


Practical Use for Gas-Engine 
Exhaust 


The sketch shows a water-distilling apparatus operated 
by the waste heat in the exhaust gases from an internal- 
combustion engine. It is adapted to power houses, 
factories and boats where pure water for drinking and 
other purposes is desired. 


Insulation-~ 


Secrion THROUGH DiIsTILLING APPARATUS 


The apparatus consists of a cast-iron drum C divided 
into two separate compartments N and M, a heat- 
insulating cover R, a cooling tank D divided into two 
separate compartments J and L, and a condensing coil K. 

The exhaust gas from the engine enters the drum C 
through the pipe H, fills the chamber N, and passes out 
the pipe B. Water enters the compartment M, through 
tle pipe S, regulated by the valve G, is vaporized from 
the heat in compartment N, passes through the pipe A 
into the condensing coil K, surrounded by cold water in 
the tank J, is condensed, and flows into the reservoir L, 
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whence it is obtained from the faucet Q. The residue 
from the distilled water is run off through the pipe J. 
controlled by the valve P. 


F. B. Hayes. 
Houston, Tex. 


Flickering Lights 


The sketch shows the connections of a three-wire gener- 
ator. For simplicity it is shown with two poles, although 
four or more are usual. The armature generates 220 
volts, obtainable from the outside wires connected to the 
brushes. ‘Two slip-rings mounted upon the armature 
shaft are connected at dia- 


metrically opposite points of 
oO O the armature winding, and 


from brushes bearing upon 
the slip-rings conductors are 
carried to the ends of an 
iron-cored reactance coil, to 
the center of which is con- 
nected the middle or neutral 
wire of the three-wire sys- 
tem. A resistance might be 
used for this purpose, but as 
the device is continuously 
subjected to alternating 
e.m.f., reactance is more ef- 
fective in limiting its value. 

The net result of the ar- 
CONNECTIONS OF THREE- rangement is that 220-volt 

WirE GENERATOR motorsmay be operated from 

the outside wires and 110- 

volt lamps from either outside wire and the neutral. The 

reactance carries direct current only when the two sides 

of the service are unbalanced. The unbalancing direct 

current entering the reactance at the center divides, half 

flowing around the core in one direction and half in the 

other; its magnetizing effect is, therefore, practically 
nothing. 

An inspector was called to find out why the lamps fed 
by such a unit flickered. Inspection of the taps from 
the rings to the winding disclosed that they were not 
tapped to the winding at equidistant points. Changing 
the taps to points of symmetry stopped all flickering. 

J. A. Horron, 


Schenectady, N. Y. 


Drains abowe Back-Pressure 
Valves 


A drain should be connected just above the back-pres- 
sure valve. If connected at a higher point, the vapor 
may condense and create a static head above the valve, 
which will prevent it opening under ordinary pres- 
sure. 

The vent pipe may be dispensed with by drilling small 
holes in the seat of the back-pressure valve. The escape 
through these openings will be sufficient to relieve air- 
hinding in the heater and drain back any condensation 
in the exhaust or vapor pipe. 


T. W. ReyNnorps. 


New York City. 
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Unsafe Blowoff Piping 


A couple of years ago I was a fireman and assistant in 
a small cold-storage plant. There were three boilers, 
but we only fired one, which was sufficient to carry the 
load. The night fireman asked me to do all the blowing 
down on No. 2 boiler, as its blowoff valve was situated so 
far back in a dark corner that if anything should happen 
he wouldn’t have as good a chance to get out in the dark 
as I would in daylight. 

I did so until one day the boiler inspector told us to 
disconnect No. 2 blowoff, as he did not believe the pipe 
between the valve and boiler was made up very tight. 
You may imagine our surprise to see it drop out of the 


elbow near the boiler after giving it only a half turn 


when unscrewing it. The pipe had only two threads 
caught, and they were nearly eaten out. The steam 
fitters had cut it too short, but used it anyway to save 
cutting another. I learned afterward that the night 
fireman knew of this, hence his distaste for blowing down 
this boiler. 
C. KNowLaAnp. 
Louisville, Ky. 


Why the Gage Hand Vibrated 


The cause of the gage hand vibrating, as referred to 
by A. E. Aldrich in the Jan. 5 issue, was the intermittent 
steam flow caused by the cutoff of the reciprocating en- 
gines. During the daily periods referred to there was 
some change in conditions, as an additional unit in 
service or vice versa. The oiler in turning the valve sim- 
ply closed it a little more than usual, which should have 
been done before. 

Joun F. Hurst. 

Louisville, Ky. 


Cost of Operating Vacuum Ashe 
Handling Systems 


The discussions of vacuum ash-removal systems in the 
July 7, Sept. 8 and 15, and Oct. 20 issues, following the 
article describing the Girtanner-Daviess system in the 
April 7% number, have been both interesting and fair- 
minded and have brought out a number of instructive 
features. The point is to be emphasized, however, that 
the instances of expensive installation and heavy repairs 
cited do not refer to the system described in the original 
article, as the discussions refer to motor and blower costs 
instead of a steam jet. Even Mr. Sandstrom’s estimate 
of charges in the July 7 number is based on his experience 
with a blower system. 

The absolute cost per ton of ashes removed has no com- 
parative value as a criterion. The most economical sys- 
tem, from wheelbarrow up, for an unfavorable location, 
may still leave costs high. Furthermore, the final re- 
ceiving tank may be ignored for purely comparative costs 
of different systems (unless special expense is here ne- 
cessitated by the peculiarities of a system) since such tank 
should rather be imposed equally on each system by the 
final disposition made of the ashes. This system will 
discharge directly onto a dump or into any receptacle. 

The maximum repair bill for a year on steam-jet instal- 
lations ranging in price, for pipe line only, from a few 
hundred up to $1400 has been a fraction over $32—about 
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one-seventeenth of the 40 per cent. experience of Mr. 
Sandstrom. Again, one man is well able to handle the 
seven tons per hour for which Mr. Sandstrom wishes to 
hire two, and this cuts his labor cost in half. In moder- 
ate-sized plants the system may be operated by the fire- 
man along with his other duties, and in larger plants the 
attendance is a minimum. The initial cost is low, so 
that interest on the investment does not eat up economies 
secured. The steam used in the jet amounts to 5.29¢. per 
ton (see Apr. 7 Powkr). 
GIRTANNER-DAVIEss. 
St. Louis, Mo. 


Finding the Best Coal 


The letter, “Finding the Value of Coal,’ by William 
A. Dunkley, in the Jan. 5 issue, interested me. One 
point of importance was not stated in the article, and 
that is, whether the coals furnished by the roads A and 
B were of sensibly the same character. If the fuel tests 
of the two coals showed wide variations in ash, volatile, 
sulphur and heat, trouble in the fire-room could have 
been predicted in advance of the change from one coal] 
to the other, provided no change was te be made in the 
method of handling the fires. 

The following quotation from a paper read by me 
before the New Jersey Clay Workers’ Association at the 
winter meeting at New Brunswick, N. J., Dec. 29, 1914, 
should serve to make clearer the fundamentals involved 
in the problem which confronted Mr. Dunkley: 


The combustion of coal in a furnace is a complex 
process, and the different combinations of equipment and 
methods of handling the equipment are almost infinite. And 
there are numberless kinds of coal. That statement is made 
advisedly. Considering alone the inherent characteristics, 
that is, the sulphur, volatile, ash, the fusing point of the ash, 
and the heating value of the coal, you can, within certain 
limits, find coals with all of these factors in any proportion 
you may desire. Here are five variables and each one has a 
considerable range of variation. In addition there is the vari- 
ation in the physical condition of coal; that is, whether it 
comes in the form of dust—the slack—or screened to a certain 
size, or what is called the “run of mine.’ Then there is the 
question of coking or noncoking. 

There are few, if any, industrial uses for coal which re- 
quire definite adjustment of every one of these variables. 
Certain definite limits of part of the characteristics already 
mentioned are especially required in any particular case, 
without, however, limiting the remaining factors. The first 
point is, therefore, that you must know what factors are 
material in the selection of your coal before you can change 
to a new coal with any reasonable expectation of getting 
better results, or the same results at less cost. 

The chief use of coal is to produce heat by its combustion. 
In any particular process to accomplish the best results a 
certain amount of heat must be released in a certain length 
of time. Let us assume for the present that this is the whole 
problem, disregarding all other questions, such as the avoid- 
ance of smoke, fumes injurious to the product, ete. That 
limits us to three variables—the heating value of the fuel per 
pound, the amount of fuel burning at one time, and the 
amount of fuel burned per hour. The first is determined by 
the selection of the fuel, the second by the area of the 
grates, and the third by the thickness of the fire and the 
amount of air supplied to it. It is obvious that if we change 
any one of the three, we will directly affect the result, which 
is a given amount of heat liberated in a given time. This 
may seem rather elemental, but the point I wish to bring out 
is that frequently the user tries to change one of, these 
factors (usually the coal) without making corresponding 
readjustments in one or both the remaining conditions, with 
the result that he concludes there is only one kind of coal 
he can burn satisfactorily. Frequently, a minor change in 
equipment or methods of firing will make possible the use 
of another coal at considerably less expense. 


W. 
Brooklyn, N. Y. 
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Trouble with Oil Separator 


Can any Power reader suggest a remedy for trouble 
with an oil separator? Since taking over my present 
plant I have had considerable annoyance from grease 
passing over with the steam into the heating system from 
the separator of a small engine located in the cellar, 
where the connections are arranged as in the accompany- 
ing sketch. 

A new separator and various kinds and sizes of seals 
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have been tried without effecting a remedy. We carry 
8 in. of vacuum and the grease is drawn through the 
separator. Several so called experts have seen the con- 
ditions and each has advised different sizes, loops, ete., 
but upon trial none of them has proved satisfactory. 
H. G. Goopwin. 
Lachine, Que. 
Industrial Education Again 


My article on industrial education for operating engi- 
neers, Which was published in Powkr, July 28, 1914, was 
intended to draw out discussion. I was glad, theefore, 
to hear from William E. Dixon, in the Nov. 10 issue, even 
though he does not agree with me and thinks the sort of 
trade school I was connected with so long is a “pure 
and arrant fake.” 

This problem of industrial education is far from being 
solved ; those who have worked the hardest and the longest 
realize that better than those who are on the outside look- 
ing in. Many mistakes have been made, and many more 
will be made. The fact remains, however, that the in- 
dustries are today so organized that learning any trade 
under the old conditions is practically impossible. The 
few large shops which realize this fact, are providing 
schools within their own walls. These have all the prob- 
lems to meet which are met by the public trade school, 
if politics can be kept out of the latter, and that is 
possible. 

There is no need to forget the cultural, civic or busi- 
ness side of a boy’s education because he is in a trade 
school. I do not know what schools Mr. Dixon has seen, 
but his name is not on the visitors’ book at the Worcester 
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Trade School, so I am sure he has not been shown that 
school by anyone in authority able to explain what is 
really done there. While some things are far from per- 
fect, they are not those to which he alludes. These schools 
should, and most of the state-aided schools do, give at 
least one-third of the pupils’ time to regular high-school 
studies. Their hours are much longer, and consequently 
this time is almost equal to the total time which the regu- 
lar high schools give. 

Some interested in industrial education do_ believe 
a trade school should teach trades solely. We have never 
felt that we could conscientiously send out a graduate 
unequipped, so far as his mentality allows, for the battle 
of life. 

It is not easy to find the right teachers. We had one 
for a short time who had a first-class license. He had 
handled some big plants and came well recommended. Te 
knew nothing except by rule of thumb, could not tell 
that to anyone else, and would not be helped by those who 
did know how to teach. 

A man who knows what he is trying to teach, who has 
not forgotten that he was a boy, and who has a cheerful 
cisposition has a fair chance of learning to teach by ex- 
perience alone. Certain tricks of the trade of teaching 
he may learn from more experienced men. These relate 
almost entirely to discipine. The largest job is how ‘to 
impart what one knows to students so that it makes an 
impression and is within their comprehension. When an 
engineer has done a certain thing for years he easily loses 
sight of why he does it. It is enough to tell a helper 
to do a thing, and he does it until it becomes a habit. 
That is not education. A man has not learned how to do 
a thing until he understands the reasons for doing it. 

Mr. Dixon should prove his statement that “the schools 
cannot even hope to get an equipment that would serve for 
much more than a toy.” There is no reason why a school’s 
money should not go as far as that of any corporation. 
In fact, experience shows that it can be made to go farther 
than any other city money. Builders of the best machin- 
ery have made concessions that, taken alone, would fit out 
a school in far from toy fashion. The cost per pupil for 
adequate equipment is less than that for equally good 
machine-shop equipment. 

Mr. Dixon hints that desirable boys will not go to 
school to learn to be engineers. That depends on what 
you will take. If you start a school with riffraff it will 
be hard to get dec ent boys into it. A school cannot afford 
te be snobbish, but it can make a manly attitude toward 
the work a condition of membership. ‘There are plenty 
such boys, but they will not go where the other kind are 
tolerated in any considerable numbers. 

“It is bad practice to try to teach a person an idea 

until that person has a desire to know it,” says Mr. Dixon. 
lf my father had humored me when I was a small boy, I 
would not have begun to get ideas yet. A boy should he 
taught while he is young and receptive. The instructor 
is of little use who cannot make steam engineering at- 
tractive to a boy. A boy must be brought to the point 
where he knows that it is up to him to learn before he 
will learn many things. 

The crying ill of all our educational systems is that 
the pupils do not wake up to their needs until it is too 
late. They are so delicately handled now that they think 


they know much better what is good for them than their 
The adequate substitute for the stiff stick in the 


parents. 
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hands of a raw-boned Yankee teacher as an idea awakener 
las never been found. If this notion that a boy should not 
be taught anything until he has discovered for himself 
that he needs to know it were ever followed except on 
paper, our schools would be picnics and education would 
be below zero. 
E. H. Fisu. 
Worcester, Mass. 


Contactor Closed and Opened 


The diagram shows the connections of a starting-box 
used in conjunction with a contactor which ruptures 
the are, thereby saving the rheostat contacts when the 
starter is thrown to the off position. It also acts as a 
no-voltage release to open the motor circuit should the line 
become dead, with no one in attendance. Upon simul- 


STARTING DEVICE 


taneously twisting handle h and moving it in a clockwise 
direction, an auxiliary contact arm mounted on h, and 
brought down by the twisting motion, touches the button 
b, to which is connected one end of the operating coil f 
of contactor c. This closes the local break through the 
contactor and the motor takes current. If the handle is 
kept twisted and in contact with d, as it is advanced, coil f 
will remain energized throughout the travel of the handle. 
At the end of its travel the handle engages a spring clip 
on post e and the twisting stress may be released, because 
coil f is then energized independently of the auxiliary 
contact. 

It will be noted that at the start, when the auxiliary 
contact rests upon button b, the full line voltage is applied 
to the coil f, but after the contact reaches segment d, re- 
sistance r is cut into series with coil f. This is a feature of 
safety as well as of economy, because less current is re- 
quired to hold the contactor closed than is required to 
close it; and if the voltage should leave the line, thereby 
causing the contactor to open, it would remain open un- 
til someone returned the starter to the “off” position and 
repeated the starting cycle, because with 7 in series with 
f, the current would be insufficient to close the contactor. 

One of these outfits in a lumber camp, where it was 
exposed to the weather, was complained of because in go- 
ing from the “off” to the “on” position the contactor 
would open immediately after closing. Insulation strip i 
is used simply to preserve a smooth surface for the auxil- 
iary contact in its travel from button b to the segment d. 
Investigation showed the trouble to be due to this insula- 
ting strip having absorbed rain and so swelled as to raise 
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the auxiliary contact finger out of contact with Dd before 
it had made contact with d. This, of course, demagne- 
tized coil f and permitted the contactor to open. The 
trouble was remedied by sandpapering the surface of 
below the surfaces of button b and of segment d. It is 
interesting to note that an open-circuit in resistance 
may cause the same failure. 
J. A. Horton. 
Schenectady, N. Y. 


Loss by the Use of SlacK Coal 


Here is an account of two boiler tests that may inter- 
est some engineer operating the Hawley down-draft fur- 
nace. Plants with these furnaces have their troubles when 
using slack coal. When we have mixed coal we can show 
good results, but with slack we cannot keep it on the top 
grate. The result is that we cannot carry the load with 
the same number of boilers on the line. With mixed 
coal I ran a test on Dec. 2, 1914, on a 150-hp. Coatsville 
fire-tube boiler with a Hawley down-draft furnace. The 
first test was very good, the evaporation from and at 212 
deg. F. per pound of dry combustible being 11.66 lb., the 
horsepower-output 287, an over-rate of 91 per cent., and 
the efficiency of the boiler and furnace was 69 per cent. It 
cost 10.21 cents to evaporate 1000 lb. of water. 

The following day I ran a test on the same boiler, with 
the same fireman, and tried to get as near to the first 
test as was possible, but using coal containing very few 
lumps. This second test showed a decided falling off. 
We evaporated 10.63 lb. of water per pound of com- 
bustible and developed 249 hp., an over-rate of 66 per 
cent. in place of 91 per cent. It cost 11.25 cents per 
thousand pounds of water in place of 10.21 cents and the 
efficiency was only 64 per cent. The loss in twenty-four 
hours on nine boilers amounted to $21.33 with slack coal. 

Harry Bien. 

Philadelphia, Penn. 


Commutator Short-Circuited 


An inspector was called to find out why the armature 
of a motor was heating and “shooting like a gun.” He 
ascertained that the commutator had just been slotted 
in a lathe. The side mica was very thin and the lathe 
tool used was too thick; the result being that the tool 
curled shavings from the bars and at the end of the stroke 
the stub of the shaving was jammed into the mica and 
across an adjacent bar. The burrs had been picked out 
where they could be seen, but some were too deeply em- 
bedded. 

As soon as the motor was started, all the coils that were 
short-circuited by bridged bars were heated by the local 
short-circuit currents which, as the speed became greater, 
became sufficiently heavy to burn out the short-circuits 
that had not been picked out. The noise like the report 
of a gun was due to the extinction of the are by the mag- 
netic field. The motor was then run up to full speed 
and without any further demonstration. The arc-extin- 
guishing properties of the magnetic. field explain why 
armatures that burn out in service are not as badly dam- 
aged as might be expected. 


J. A. Horton. 
Schenectady, N. Y. 
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Salt in Fireclay—What is the purpose of adding salt to 
fireclay used in setting the firebrick of boiler furnaces? 
The addition of about a pint of salt to a bucketful of or- 
dinary fireclay causes partial vitrification of the fireclay 
when it becomes heated, and increases its adhesiveness to 
the firebrick. 


Removing Stains from Gage-Glasses—How can stains be 

removed from boiler water gage-glasses? 
S. M. E. 

Most stains formed on boiler gage-glasses can be re- 
moved with a swab of clean waste moistened with a weak 
solution of muriatic acid. In the cleaning process care should 
be taken, however, not to employ wire or other material 
likely to scratch the glass and thereby weaken it. 


Coefficients of Expansion—What are the relative rates of 
expansion of aluminum, brass and cast iron for the same in- 
crease in their temperature? 

Cc. 

The coefficients of expansion or proportionate increase of 
length for each degree increase of temperature of the metals 
named are: Aluminum, 0.00001234; brass, 0.00001; and cast 
iron, 0.00000556. 


Bedding Underground Pipes in Sand or Gravel—What ben- 
efit is to be derived from bedding underground steam or water 
pipes in sand or gravel? 

4. MR. 

The principal advantages obtained are more perfect grad- 
ing and better subdrainage. In case of steam pipes, whether 
or not they are laid in conduits or coverings of any kind, 
subdrainage is important in reducing the convection of heat 
from the pipes to the surrounding earth, and in case of water 
pipes complete bedding in sand or gravel affords better pro- 
tection against frost. : 


Drainage of Boiler Steam Main and Arrangement of Stop 
Valwe—How should a main steam pipe slope and boiler stop 
valve be placed between a boiler and engine? 

D. J. 

The slope of the piping and arrangement of the stop valve 
should be such that all condensation between the valve and 
the boiler will drain back into the boiler, and the slope of 
the piping beyond the valve should be such that the water 
will drain from the boiler toward the engine. Stop valves 
should be so arranged that pressure from the boiler will tend 
to raise the valve from its seat, and they should be given 
such a position that there will be no accumulation of con- 
densate above the valve when it is closed. 


Care of Standing Boiler—When a boiler of a battery is 
not required for some time, is it injured by standing with 
water at the usual level carried for steaming? 

W. B. 

There will usually be more rapid corrosion of the interior 
above the regular water line, and especially near the water 
surface, when so standing than when steaming. When not 
required for some time, the boiler is better preserved by emp- 
tying it of water and drying thoroughly. If that is im- 
practicable, interior corrosion can be reduced by completely 
filling the boiler with water, although for most situations this 
results in more rapid exterior corrosion than when the boiler 
stands empty, due to condensation of the moisture of the 
atmosphere. 


Pressure in Discharge Pipe with Drop Leg—Neglecting 
pipe friction and inertia, what pressure would a pump have 
to work against if the discharge pipe rose to a height of 150 
ft. and returned with an open end at the level of the pump? 

G. K. 

For starting flow in the descending leg, the pressure 

pumped against would increase to 

150 X 0.434 = 65.1 lb. per sq.in. 
As a column of water 34 ft. high would balance the pressure 
of the atmosphere, then if a solid column 34 ft. or more in 
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height were maintained in the descending leg of the dis- 
charge pipe, a vacuum would be formed in the upper end of 
the ascending pipe, thus relieving it of pressure equal to that 
of the atmosphere. The net head pumped against would then 
be 150— 34 or 116 ft., which would be equivalent to 

116 X 0.434 = 50.34 lb. per sq.in. 


Coal Required under Stated Conditions—With the temper- 
ature of feed water at 200 deg. F. and a combined boiler and 
furnace efficiency of 60 per cent., how many pounds of coal 
of a calorific value of 12,500 B.t.u. per lb. would be required 
to evaporate 13,600 lb. of water into dry saturated steam at 
130 lb. gage pressure? 

B. 

The total heat required to convert a pound of feed water 
from 32 deg. F. into dry saturated steam at 130 lb. gage 
or 145 lb. absolute pressure would be 1192.8 B.t.u., and as each 
pound of feed water at 200 deg. F. would contain 200 — 32 or 
168 B.t.u. above 32 deg. F., then to raise 13,600 lb. of water 
from 200 deg. F. to dry saturated steam at 130 lb. gage pres- 
sure would require 

13,600 X (1192.8 — 168) = 13,937,280 B.t.u. 
With a combined boiler and furnace efficiency of 60 per cent., 
from each pound of coal containing 13,500 B.t.u. there would 
be realized 
13,500 x 0.60 = 8100 B.t.u. 
and, consequently, the evaporation of 13,600 lb. of water un- 
der the conditions stated would require 
13,937,280 B.t.u. +8100 B.t.u. = 1720 lb. of coal. 


Pipe Surface Required for Heating Water—How many 
lineal feet of 2-in. iron pipe, or of brass or copper pipe of 
the same size, would be required as heating surface in a 
closed tank to heat 800 gal. of water per hour from 50 to 180 
deg. F. with exhaust steam at 1 lb. gage pressure? 

A BD. 

In raising the water from 50 to 180 deg. F., each pound would 
receive 180— 50 or 130 B.t.u., and as 800 gal. of water would 
weigh 800 X 84 = 6666 lb., and, neglecting losses by radiation, 
the total heat to be transferred would be 

6666 X 130 = 866,580 B.t.u. per hr. 
As the temperature of the steam would be about 213 deg. F. 
and the average temperature of the water would be 
50 + 180 
— = 115 deg. F. 


then the mean temperature difference between the steam and 
the water would be 
213 —115 = 98 deg. F. 
For this mean temperature difference, iron pipe would con- 
dense about 18.5 lb. of steam per square foot per hour, and the 
latent heat of steam at 1 lb. gage pressure being 969.7 B.t.u. 
per lb., then for each square foot of pipe surface there would 
be a liberation of 
18.5 X 969.7 = 17,939.45 B.t.u. per sq.ft. 


so that 
866,580 


17,939.45 
of iron-pipe surface would be required. As 1.608 lin.ft. of 
2-in. pipe would be required per square foot of external 
surface, the total heating surface would require 

1.608 x 48.3 = 77.7 lin.ft. 
of 2-in. iron pipe. Under the same conditions brass pipe 
would condense about twice as much and copper pipe about 
24 times as much steam per square foot of surface, and there- 
fore 


= 48.3 sq.ft. 


77.7 

—" = about 38.8 lin. ft. 
of brass pipe, or 

— = about 33.3 lin.ft. 

2.33 


of copper pipe, of the same external diameter as standard 2-in. 
iron pipe, would be required. 


{Correspondents sending us inquiries should sign their 
communications with full names and post office addresses. 
This is necessary to guarantee the good faith of the communi- 
eations and for the inquiries to receive attention.—EDITOR.] 
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Engimeers’ Study Course 


Steam-Engine Cycles 


The diagram representing the ideal performance of the 
steam plant is given in Fig. 1, repeated from Fig. 3 of 
the article on “Heat-Engine Cycles.” A brief review of 
this Rankine cycle is as follows: 

Line AB shows complete evaporation and the transfer 
of the steam to the engine or turbine, without loss of 
heat by radiation, loss of pressure by pipe friction or 
throttling, or loss of volume by initial condensation. 
Its right-hand end may also cover superheating, which, of 
course, takes place at boiler pressure. 

Curve BC shows adiabatic expansion, possible only in 
a cylinder of some imaginary, thermally neutral sub- 
stance. This expansion is carried clear down to the exhaust 
pressure at C. 

Line CD represents complete expulsion of the steam 
from the engine and its contraction to the liquid state 
in the condenser (or atmosphere ). 
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back as pressure and steam temperature are lowered, 
curve HF falls less rapidly than would an adiabatic from 
EH. In shape, curve HF is here drawn as an equilateral] 
hyperbola, following the law 
Pressure X volume = a constant, or pv = e. 

Sometimes the hyperbola is called the theoretical curve 
of steam expansion. The title is undeserved, for thermal 
conditions within the cylinder are so complex that the 
formulation of any theory of expansion is impossible. 
The very prevalent use of this curve in laying out pre- 
liminary or illustrative diagrams is based on two wholly 
practical facts or considerations. The first is that the hy- 
perbola is a fairly good working average of the expansion 
curves of actual indicator diagrams; the second, that it is 
an easy curve to plot. 

The best collection and discussion of data as to the form 
of real steam curves that have been made will be found 
in the paper on “Cylinder Performance,” presented to 


‘ 
i} 
‘ 
‘ 
\ 
\ 


SY 


SSS 


> 
Q Qk DR 
0 Oo ™M NV 
Power 
Fig. 1. DtaGram REPRESENTING IDEAL Fig. 2. CLEAr- Fig. 3. Loss Dug To 


PERFORMANCE OF STEAM PLANT 


This diagram implies that the engine has no clearance: 
at all. It is the form of ideal action in either piston en- 
gine or turbine, but the interpretation is somewhat differ- 
ent for the two types of machines. The engine will now 
be considered. 

Area ABCDA, Fig. 1, shows the maximum output of 
work per pound of steam, within the particular limits of 
pressure and temperature, and the best possible efficiency. 
In the actual plant there are four ways or directions in 
which this ideal performance fails of realization. These 
sources of loss are: 

(1) Pipe and valve losses, of heat and pressure, in- 
curred in the transfer of steam to and from the cylinder. 


(2) Thermal action of the cylinder walls. 
(3) Incomplete expansion. 
(4) Clearance and compression. 


Of these, Nos. 2 and 3 will first be taken up, then 
No. 4, and finally No. 1; and in the consideration of 
them the evolution of the actual indicator diagram from 
the ideal outline ABCDA will be shown. 

The effect of initial condensation, by the cooler metal 
surfaces with which the steam entering the cylinder comes 
into contact, is evidenced in the shrinkage of steam vol- 
ume from AB to AF. And then, because the heat thus 
‘taken from the steam at high pressure begins to come 
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the American Society of Mechanical Engineers by J. 
Paul Clayton, in May, 1912, and reviewed in Power 
for June 18, 1912. The subject is too extensive for more 
than a reference here. It is enough to say that when 
there are conditions favoring excessive cylinder-wall ac- 
tion, such as small size and low speed, with early cutoff, 
the expansion curve will run much above the hyperbola. 
On the other hand, with high superheat and small thermal 
action, it will fall much more rapidly. But in the general 
run of ordinary conditions, departures from the form 
pv = © are comparatively small. 

Returning to Fig. 1, it will be noticed that the as- 
sumed curve EF rises steadily toward the adiabatic BC as 
the steam expands. In further illustration of the same 
point, curve LM is a hyperbola drawn from B. The ver- 
tical distance between LM and BC at first grows larger. 
then diminishes; but when it is remembered that this 
difference is a relative quantity, to be compared with the 
whole pressure from base line OV up to the curves, it is 
seen to increase progressively. 

Now in ideal operation, or in the process reasoned out 
for getting the maximum work from a pound of steam, 
expansion is carried clear down to exhaust pressure. 
There is very good reason why this ought not to be done 
in the real engine, and why it is more economical to stop 
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at some such point as F. To get the small amount of 
work represented by the triangular area to the right of 
line FG would require a cylinder more than twice as large 
as is needed to contain volume DG. First of all, this 
would make the engine cost more, but worse than that, it 
would involve continual losses in operation. If the 
cylinder is too big and cutoff too early, the waste due 
to thermal action by the cylinder walls becomes relatively 
greater. And in driving the piston by a small mean effec- 
tive pressure such as will prevail beyond FG, the loss 
of work through machine friction will exceed the ef- 
fective work done by the steam upon the piston, and 
the result will be a net loss rather than a gain. 

The matter of clearance and compression is taken up 
in Fig. 2. As the first step, the combined expansion 
and release lines ’F’G’ are transferred directly from Fig. 
1. These lines represent the performance, in an engine 
without clearance, of one pound of steam which enters 
the cylinder, does work, and goes to the exhaust. But now 
there is to be associated with this working steam a certain 
proportionate amount of clearance steam. In Fig. 2, 
the volume PE’ of the working steam in its condition at 
cutoff is moved out to HB, leaving back of it a space PHT 
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filled with clearance steam. Of course, this division 1s 
imaginary, for there is no separation into distinct volumes. 
The point is that, of the steam present at cutoff, a portion 
HB is going to be discharged, while the remainder PH 
will be caught and compressed. 

As the whole body of steam expands along curve BC, 
the clearance quantity has its increasing volume measured 
out to the similar curve //K. Since these curves are taken 
to be of the same form as E£’F’, horizontal distances be- 
tween curves HK and BC are the same as between line 
OP and curve E’F’. In effect, then, the original no- 
clearance diagram PE'F’G'Q is shifted over to the right of 
curve HK. This distorts its shape, but does not change 
its area above a horizontal line through F” or C; below 
that pressure, however, there is a loss, the cause of which 
can be stated in two ways. The first is, that F’G’ would 
be changed to a curve CR, as shown in Fig. 3, at a con- 
stant distance from curve //K ; and the vertical release 
line CD cuts off the extended area CRD. The other form 
of statement is, that since effective volumes of the work- 
ing steam are measured over from curve HK, and these 
vrow shorter below the terminal pressure at C, the lower 
end of JK cuts under the effective diagram and dimin- 
ishes its area. ‘ 

The loss due to clearance is more fully illustrated in 
Fig. 3. At the beginning of expansion the steam in the 
cylinder is partly condensed, because’ of wall action. At 
the beginning of compression the steam left in the cyl- 
inder is likely to be nearly or quite dry, perhaps even 
a little superheated. Consequently, the quality of the 
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clearance steam is higher at Z than at K, and its volume 
is greater; then the compression curve runs to the right of 
HK, or the clearance steam requires more work for its 
compression than it gives back in expansion. 

The lost area CRDC is, in effect, an addition which com- 
pression makes to the work not utilized because of in- 
complete expansion. This triangular figure may be car- 
ried over to the position JALJ: and then we say that 
while the clearance steam really follows curve //K all the 
way down to exhaust pressure, its effective delivery of 
work ends at the pressure of release. Any work of expan- 
sion to the right of JZ simply helps the outrush of steam 
during release. A condensed statement regarding clear- 
ance losses may be made as follows: 

If the whole weight of steam represented by volume 
PB came from the boiler into an engine without clear- 
ance, it would do the work represented by area PBCDQP, 
Fig. 3. 

Actually, because of clearance and compression, the 
useful work really performed is only that represented 
by area ABCDEFA. 

But the area PAFEQP is not all loss, for a part of it is 
covered by the work PHJLQP of steam which did not 
come from the boiler, but was saved over from the pre- 
ceding cycle. The net loss is then the shaded area 
AFELJHA., 

This lost area is made up of three parts. In order to 
separate them, the compression curve is extended as FG, 
here made similar to JK. This continues up to admis- 
sion pressure, the prevailing difference in quality be- 
tween compression and expansion, and shows a com- 
plete working cycle HGHKE for the clearance steam. 
Then the three partial losses are: 

Area AFGA due to throttling of the live steam as it en- 
ters and fills the clearance space. 

Area EGHKE due to cylinder-wall action, working out 
through the cycle of operations of the clearance steam. 

Area JK LJ, in effect, as has been explained, an addi- 
tion to the incompleteness of expansion. 

In regard to the proportions of this diagram, it is to 
be noticed that the difference between curves EG and HK 
is exaggerated, being too great relative to the quality 
at cutoff shown by the ratio of AF to AB in Fig. 1. 

The ideas developed in Fig. 3 open the way to a more 
or less definite rational determination of the best degree 
of compression corresponding to a certain set of condi- 
tions on the expansion side of the indicator diagram. The 
indefiniteness is due in part to uncertainty as to the exact 
form of the expansion and compression curves in the ac- 
tual engine, and for the rest to modification of the sharp- 
cornered diagram by the pipe and valve effects shown in 
Fig. 4. But this general idea of the several sources of 
loss makes it easier to understand the results of experi- 
ments made to determine the effect of compression upon 
economy. 

In Fig. 4, the outline ABCDEFA is the same as in Figs. 
2 and 3, but its proportions are changed to something 
nearer those of common indicator diagrams. It only re- 
mains, then, to sketch in curves of admission and release 
and a line of increased back pressure, and thus come to the 
end of the evolution of the actual indicator diagram. 
Knowledge of the magnitude of these pipe and valve effects 
comes wholly from experience, or from familiarity with 
the performance of the various classes of engine. 


4, 
7 
| 
AB 
— 
Ff 
Yer 
= 
4 
Powe 
pe 
r 
& 


212 POWER 


Vol. 41, No. 6 


Performance of Refrigeration Plant 
at Lubeck, Germany 


SY NOPSIS—Description and data of test results 
of the municipal refrigeration plant at Lubeck, 
Germany. The poppet-valve compressor engines 
use highly superheated steam and some exhaust 
steam 1s used for ice making. Unusually good re- 
sults are obtained. 


In contracts for ice-making and refrigerating machinery 
it is customary for the manufacturer to guarantee the capa- 
city, to enumerate the temperatures to be maintained in cold- 
storage rooms, and, if the purchaser is exacting, to insert the 
guarantees for coal, steam, power and cooling-water con- 
sumption. A test is usually made to see if the machinery 
supplied fulfills the various requirements. Such tests are in- 
structive, but for commercial reasons, probably, they seldom 
get into print. 

In the following only the acceptance tests of the equipment 
of the refrigeration plant for the city of Lubeck, Germany, 
are given. 

The mechanical equipment of the “Kuhlhaus Lubeck” con- 
sists essentially of one 17% and 29% by 29%-in. tandem-com- 
pound Swiderski steam engine of 320 hp., using superheated 
steam, connected to a Balcke surface condenser. In the con- 
nection between the low-pressure cylinder and the surface 
condenser is inserted an oil separator. From the condenser 
the condensate is taken to a reboiler for the purpose of ex- 
pelling air and foreign gases, a portion of this water being 
required for making distilled water ice, and the remainder 
is returned to the boiler. The distilled water is forecooled in 
a countercurrent cooler. 

This main engine is coupled to a pair of 13x235%-in. double- 
acting horizontal Borsig ammonia compressors of the opposed 
type. A duplicate engine, intended for reserve, is connected 
to a single ammonia compressor 13x23% in. 

To take advantage of the increased capacity obtained when 
operating with a higher evaporating or suction pressure, one 
of the four ends of the double compressor unit is used only 
for ice making, keeping the brine in the freezing tank at 
about 19 deg. F. The guaranteed capacity of this compressor 
cylinder half is 36.4 tons or 

110,000 calories X 3.9683 = 436,513 B.t.u. per hour. 

The ice-tank room and brine tank are designed on the 
Linde system, the brine-cooling coils being placed underneath 
instead of between the cans. The rated daily capacity is 22 
tons of 2000 1b. each. 

With the 300- or 400-lb. American blocks the freezing time 
is 42 to 60 hours, while the small European 55-lb. blocks 
(average size 7x7x35 in.) with 19-deg. brine freeze in 18.4 
hours; there are 612 of these small cans in the freezing tanks. 

When cooling brine to 14 deg. F. for the cold-storage 
warehouse the guaranteed capacity of any one of the com- 
pressor cylinders is 61.15 tons of refrigeration. (One ton of 
refrigeration = 2000 X 144 Btu. = 288,000 B.t.u. per 24 
hours.) The brine is cooled by direct-expansion coils. The 
brine tank has circulation partitions and agitators. Another 
tank, supplied with cold water, is used for cooling the liquid 
ammonia. The ammonia condensers of the atmospheric type 
are on the roof. 

From the flywheel of each engine a belt leads to a lineshaft 
under the engine-room floor, and from this lineshaft are 
driven two 70-kw. Siemens-Schuckert generators, one being 
aspare. The boiler house has two Borsig water-tube boilers, 
one a spare, built for 170-lb. pressure and superheating to 625 
deg. F. Each boiler has 969 sq.ft. of heating surface. 

The cooling water supply, guaranteed capacity 268 gal. 
per minute, is obtained from two wells. The water in one 
is lifted 131 ft. to the surface, in the other 98 ft., by a Borsig 
air compressor, also in duplicate. The water is discharged 
into a receiving basin near the boiler house, and forced to 
the ammonia condensers by a belt-driven volute pump. A 
duplicate pump, driven electrically, is provided for this serv- 
ice. As a further safeguard for insuring uninterrupted oper- 
ation, provisions are made for using city water if necessary. 

For producing the necessary hot water for scalding pur- 
poses in the abattoir a steam-heated hot-water apparatus is 
erected in the boiler house; capacity 26.5 gal. of water per 
minute heated from 86 deg. to 176 deg. F. Preheated water is 


*Excerpts from an article by Richard Stetefeld, “Eis Und 
Kalte Industrie.” 


taken from the surface condenser, the latter in turn receiving 
its cooling water from the ammonia condensers. In this 
manner the water is utilized to the fullest extent. Steam 
meters measure the quantity of live steam fed to the hot- 
water apparatus. The plant is well equipped with all kinds 
of indicating and recording instruments. 

The following is abstracted from the report of acceptance 
tests made after all the machinery had been installed and 
operated during the summer of 1913. 


BOILER TEST 


Of the two boilers, which are alike, only the one which 
happened to be clean at the time was tested, ic being assumed 
that the other boiler would have shown equal efficiency. 


Type of boiler (Borsig Steilrohr Kessel)........ Water-tube 
Number of boiler and 20,994—1913 
Evaporating surface, sq.ft......... 969 

Grate surface (flat) total, aq.ft.. 36.2 


Guaranteed performance: 
Evaporation normally, 5070 lb. water per 
hour; 3968 lb. steam to be superheated. 


Overall efticiency, 76 
Temperature of superheated steam, ‘deg. | ee 625 
Conditions: 
Heating value per pound of coal as fired, mini- 
Permissible residue, 6 


Draft after passing economizer, at least 0.6 to 
0.8 in. of water column. 
— water temperature, not less than 95 deg. 
.; from economizer, 158 deg. F. 


analysis: 
Average calorific value of coal sampled, 12,145 
B.t.u. per pound as fired. 


Results of test: 
D 


Temperature of fireroom........... 
Draft at rear of boiler, in. water column acne ri 0.3 
Draft after passing economizer, in. water 

Flue-gas temperature after economizer, deg. F. 405 
Flue-gas temperature at rear of boiler, deg. F. 653 
Temperature of superheated steam, deg. F.: eo 628 
Temperature of saturated steam, deg. F..... 374 
Amount of superheat, Gem. cece 253 
Total heat of — steam (above 32 deg. 

Heat of 254 xX 0.646 (spec. heat) 

Total heat of superheated steam, B.t.u........ 1,361 
Feed-water temperature to economizer, deg. F. ee | 
Feed-water temperature from economizer, 

Heat supplied in tl per lb. of superheated 

steam, B.t.u., 1361 — (97.1 — 32) =........ 1,295.9 
Water evaporated 21,076 
Water evaporated per hour, 
Water evaporated per hour per sq.ft. heating 

Coa: Guring teat, ID. 2,595 
Coal consumed per hour, per sq.ft. grate sur- 

Water evaporates ones test, per pound of 

Heat contained in 1 Ib. steam = 


Efficiency of boiler and economiser, referred 
to saturated steam, per cent., 


9214 B.t.u.in steam . 
100 X 76 
12,145 B.t.u. per Ib. coal 
At the time of this test it was impossible to ascertain the 
steam consumption of the main engine, which would have 
shown the capacity of the superheater. Therefore, the over- 
all efficiency of steam generation could not then be had. 
However, a month later the steam consumption of the engine 
was found to be 2888 Ib. of superheated steam per hour. The 
work done by the superheater may, therefore, be taken at 
2888 xX 164 B.t.u. = 473,632 B.t.u. 
This divided by 643 results in 736.6 additional heat units ob- 
tained per pound of coal fired, making the total 
9214 + 736.6 = 9950.6 B.t.u. 


4 
Heat imparted to saturated steam pe! 1 2 


February 9, 1915 


The heat utilized by the boiler, economizer and superheater, 
based on coal as fired, is 


9950.6 
100 x —— = 82 per cent. 
12,145 
Based on combustible it is 
9950.6 
100 X = 90 per cent. 


12,145 xX 0.91 
The number of pounds of superheated steam obtained per 
pound of coal as fired is 
9950.6 
1295.9 
A repetition of this test was deemed unnecessary because 
substantially the same results had been secured at a prelim- 
inary test. 


TEST OF ENGINE COUPLED TO AMMONIA COMPRESSORS 


An Official trial of the tandem-compound main engine with 
17% and 29% by 29%-in. cylinders, of the poppet-valve type, 
coupled to two 13x23%-in. opposed ammonia compressors, was 
conducted. The reserve engine, a duplicate, was not tested 
for steam consumption, because the indicator diagrams taken 
from it under like conditions agreed with the diagrams ob- 
tained from the main engine, proving that the power and 
economy of the two engines in the plant are the same. 


Dimensions and Conditions Imposed: 


= 7.68 per cent. 


Diameter of high-pressure cylinder, in........... ‘ 17.718 
Diameter of high-pressure piston rod, in......... 3.736 
Diameter of high-pressure tail rod, in............ 2.749 
Diameter of low-pressure cylinder, cold, in....... 29.525 
Diameter of piston rod, crank end, in............ 4.128 
Diameter of piston rod, head end, in...... ne 3.736 
95 
Gage pressure of steam at throttle, Ilb............. 164 
Temperature of steam at throttle, deg. F.......... 572 
Cooling surface of surface condenser, sq.ft......... § 
Amount of cooling water supplied per hour, cu.ft... 2120 
Temperature of cooling water, deg. F............. 68 
Guarantees: 

Indicated English horsepower of engine, normally 320 
Indicated English horsepower of engine, maximum 394 
Steam consumption per English i.hp.-hr., lb., at 

Steam consumption per English i.hp.-hr., lb., at 

— efficiency of engine, per cent., at normal os 


As for guaranteed efficiency of the exhaust-steam oil sepa- 
rator, the amount of oil remaining per thousand pounds of 
condensate was not to exceed 0.003 Ib. 


Results: 
Gage pressure of steam at throttle, Ib............... 160 
Temperature of steam at throttle, deg. F....... aa . 
Receiver pressure, inches mercury........-. 5.7 
Vacuum, incheS 27.6 


The steam consumption of the engine was found to be 2888 
lb. per hour. In calculating the indicated horsepower from 
the diagrams due allowance was made for the expansion of 
the cylinders under working temperature. The result was 
275.9 ip. Accordingly, the steam consumption per indicated 
horsepower-hour during the test was 


2888 lb. 
———— = 10.47 Ib. 
275.9 
The coal consumption per i.hp. per hour was 
10.47 
= 1.363 1b 
7.68 


This consumption, it will be noted, was obtained while the 
pressure of admission and the load were slightly below the 
figures stipulated in the contract. The normal indicated 
horsepower of 320 was not developed because the attached 
ammonia compressors and auxiliary machines required less 
than 320 ihp. Diagrams show that the engine is easily 
capable of developing 320 i-hp., and will not at this load ex- 
ceed the consumption guaranteed. By lengthening the cutoff 
the maximum power of 394 i.hp. may be obtained. 


TESTS OF COLD STORAGE AND ICE PLANT 


Of the two double-acting opposed Borsig ammonia com- 
pressors coupled to the engine one and one-half compressor 
eylinders operate on the cold-storage plant, cooling brine to 
14 deg. F., while the fourth compressor cylinder half operates 
on the ice-making tank, cooling brine to about 19 deg. F. The 
refrigerating capacity of the one and one-half compressor 
cylinders was ascertained by measuring with Poncelet nozzles 
the column of circulating brine cooled per hour through an 
observed range of temperature. The fourth compressor- 
eylinder half as well as the single compressor of the reserve 
engine were indicated to ascertain their working conditions 
and refrigerating capacity. 


POWER 21: 
Dimensions and Conditions Imposed: 

Diameter of ammonia compressors, in............ 12.992 
Piston-rod diameter (no tail rod) 3.643 
Exterior pipe-cooling surface, sq.ft. in brine-cool- 

in atmospheric ammonia condenser............ 4,338 
Temperature of circulating brine in tank, deg. F.. 14 
Temperature of brine in ice tank, normal, deg.... 19.4 
Temperature, initial, of condenser water, deg..... 50.0 
Temperature of liquefaction of ammonia, deg..... 71.6 
Temperature of under-cooled ammonia, deg...... 62.7 


Guaranteed tons refrigerating capacity of one 
compressor when cooling brine to 14 deg. F. 


equals 
185,000 calories per hour 
= 61.2 tons. 
3023.95 

Same for one and one-half compressor cylinders, 

Guaranteed daily ice-making capacity of one com- 

pressor-cylinder half distilled water 

Indicated horsepower of one compressor when 


Indicated horsepower of one compressor-cylinder 
Consumption of 50-deg. F. condenser water, gal. 
he power consumption expressed in horsepower was as 
follows: 


One and one-half compressor cylinders, cooling 


One-half compressor cylinder making ice......... 33 


70 kw. X 1.34 


0.925 


Dividing by 0.89, the mechanical efficiency, the indicated 


engine horsepower necessary according to the guarantee is 
328.4. 


Capacity of brine-circulating pump for brine-wetted 


for frosted air-cooler, per min. gal...........2555 396.5 
Current consumption of ice crane, KW..........++.. 2.5 
Current consumption of fans, KW... 13.5 


Results of tests made Oct. 18 to 21, and Nov. 21, 1913. Re- 
frigerating capacity of one and one-half compressor cylinders: 
Quantity of brine circulated per min., gal........... 543 
Heat capacity per gal. of salt solution per deg. F. 

62.35 1b. 0.946 


temperature rise, B.t.u. = eee 7.88 
7.4805 

Temperature of incoming brine, deg. F............. 19.9 
Temperature of outgoing brine, deg. F............. 13.8 
Temperature reduction of brine, deg. F............ 6.1 
Heat abstracted from brine per min., B.t.u. 543 xX 

Corresponding tons of refrigeration performed by 

26,100 
one and one-half compressor cylinders, — a 130.5 


Excess capacity of the one and one-half compressor 
cylinders over the capacity guaranteed = 
130.5 — 91.8 = 38.7 tons, or 42* per cent. 


In connection with this brine-cooling test the following 
interesting temperatures were noted: 


Temperature of ammonia at suction pressure, deg. F. 5 

Corresponding gage pressure, lb. per sq.in......... 23.3 

Temperature of ammonia in suction pipe of com- 
pressor No. 1, which operates with the same suc- 


tion pressure in both ends, deg. F..............55 4.1 
Temperature of ammonia in suction pipe of com- 

pressor No. 2, only one-half of which operates 

Corresponding gage pressure, lb. per sq.in.......... 20.2 
Temperature of saturated ammonia at discharge 

Corresponding gage pressure, lb. per sq.in.......... 125.5 
Temperature of ammonia in discharge pipe No. 1 

Extent of superheating, deg. F., 187.7 — 74.6....... 113.1 
Temperature of ammonia in discharge pipe of No. 2 

Temperature of liquid ammonia leaving aftercooler, 

Temperature of ammonia entering brine-cooling 

Temperature of ammonia vapor at inlet to atmos- 

pheric condensers, deg. F........ccccccccccsceses 148.8 
Temperature of liquid ammonia leaving condensers, es.4 

Temperature of cooling water, 

to liquid ammonia cooler, deg. F.......... ieaeene 48.9 

from liquid ammonia cooler, deg. F......... ; 55.8 

leaving ammonia condenser, deg. F...........++5 65.4 


Under the above conditions the double compressor (with 
cylinders Nos. 1 and 2) was running at 94.5 r.p.m., and the 


*The amount of this excess capacity suggests the possi- 
bility of error in the quantity or specific heat of the brine. 
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diagrams taken showed the following indicated horsepower: 


Compressor No. 2, ond ONLY... 39.16 
Total indicated Horsepower... 118.01 


Thus the indicated compressor horsepower per ton of 
refrigeration in cooling brine to 14 deg. F. was 


118.01 
130.5 


while the guaranteed power consumption had been equiva- 
lent to 


= 0.904 per ton, 


57.2 


61.18 

The piston displacement (area X stroke X r.p.m.) of com- 

pressor No. 1 is as follows: 

12.9922 « 0.7854 = 132.6 sq.in. 
less one-half the area of the rod or 4.93 equals 132.6 — 4.93 
= 127.67 sq.in., which, times the stroke of 23.6 in., is 3013 
cu.in.; and this multiplied by 94.5 xk 2 strokes = 569,500 cu.in. 
as the displacement of the cylinder. 

The’ brine-cooling half of compressor No. 2 has a dis- 
placement of 273,900 cu.in., and the total for the one and one- 
half cylinders is 843,400 cu.in. per minute. 

Thus the piston displacement per minute per ton of refrig- 
eration when cooling brine to 14 deg. F. was 6419 cu.in. 

The piston displacement of the head end of compressor 
No. 2, making ice, is 3132 cu.in., which times 94.5 strokes 
gives 296,000 cu.in. per minute, or 40 tons of refrigeration 
when cooling brine to 14 deg. F. 

Since it requires, with the water available, at most 1.6 tons 
of refrigeration to produce one ton of ice, the ice-making 
capacity of this compressor-cylinder half is 28.7 tons in 
twenty-four hours, or 26.3 tons for twenty-two hours’ opera- 
tion daily. The guaranteed capacity of 22 tons is, therefore, 
exceeded. 

The indicated horsepower of the fourth compressor-half 
when cooling brine to 14 deg. F. was 39.65, equivalent to 

39.65 


28.7 
which corresponds to 1.55 i.hp. in the steam cylinder of the 
engine. 

During the brine-cooling test the cooling water was sup- 
plied by the electrically operated volute pump located in the 
boiler house. The quantity delivered at 1985 r.p.m. was 
found to be 252 gal. per min. Consequently more than the 
normal quantity of work was done with less water than the 
268 gal. allowed under the guarantee. 

The power indicated at the main engine was 283.32 i.hp., 
and the total power consumption of the establishment was 
but -9 per cent. more than was guaranteed. 

The delivery capacity of the deep-well pump also was 
checked by noting whether the water level in the receiving 
basin remained constant while the cooling-water pump was 
discharging to the condensers at the rate of 268 gal. per min. 
It was found that even then some water returned to the wells, 
consequently the well pump was fully up to the capacity 
guaranteed. 

The various features of special interest in the plant are 
the consistent use of reserve machinery, the obtaining of all 
power from one economical engine using superheated steam, 
making ice as a byproduct from exhaust steam, the efficient 
boiler plant, also the comparatively high rotative speed of the 
compressors (95 r.p.m., against 80 to 60 in this country). The 
low coal consumption and low power consumption lead to 
an unusual economy in the ice-making department. The 
coal consumption per indicated horsepower-hour was 1.365 Ib., 
or 32.76 lb. per twenty-four hours. This, multiplied by 1.55 
i.hp. per ton ice, equals 50.8 lb. Increasing this by 334 per 
cent. to cover all possible auxiliaries, the total is 67.7 Ib. 
,Thus the number of tons of ice made per ton of coal fired is 

2000 


— 9.5. 


= 0.935 i-hp. per ton refrigeration. 


= 1.38 i-hp. per ton of ice, 


In American plants 10 tons of ice per ton of coal is consid- 
ered quite satisfactory. It must be remembered in this con- 
nection that the initial temperature of the cooling water 
was 50 deg. F., the suction pressure nearly 20 lb. gage, and the 
condenser pressure only 126 lb. gage. The remarkable econ- 
omy of this plant is directly traceable to these favorable 
operating conditions and to the use of a compound condens- 
ing engine using highly superheated steam for driving the 
compressors and for all the auxiliaries of the plant. The re- 
quired distilled water for filling the ice cans was obtained 
only because the refrigerating effect needed to make the ice 
was only 26 per cent. of the total refrigerating effect pro- 
duced by the two compressor cylinders. The total amount of 
steam passing through the engine was 34 tons per day, which, 
after deducting the water of condensation and other losses, 
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would not have yielded quite enough distilled water for mak- 
ing the maximum of 29.5 tons of ice per day. 
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An Eight-Cylinder Gasoline 
Engine* 
By Henri G. 


The object of this paper is to describe and discuss the 
features of design of an eight-cylinder, four-stroke cycle gas- 
oline engine, which has been developed during a number of 
years for railway traction. 


Fig. 1. Sipe View or ENGINE 


The problem wvas to design a complete motor car for 
branch railway service, of sufficient size for seating fifty pas- 
sengers and a small baggage compartment, etc., and capable 
of attaining a maximum speed of 50 miles per hour on level 
track. The first design included an eight-cylinder V-type, 90- 
deg. engine, with cylinders 7144x8 in., and running normally at 
550 r.p.m. This operated commercially in a little car on a 
Western road until quite recently, when it was destroyed by 
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Fig. 2. Tirmina DIAGRAMS 


fire. The second attempt was a larger and heavier engine of 
essentially the same type. This was run experimentally in 
service 50,000 miles in one year on various roads, and served 
its purpose admirably in showing up some glaring defects, 
among which were the following: 

1. The exhaust valves needed regrinding once a week, as 
they were unduly distorted and burnt. 

2. The camshaft and valves were extremely inacces- 
sible. 

3. It was uncommercial to make the cylinders sufficiently 
strong. 

4. It was difficult to mount the engine in the car so as to 
take care of the horizontal component of the reciprocating 
forces; hence, there was vibration. 

5. The total width of the engine was excessive. 

Y7ith these facts at hand and an ever-increasing demand 
for more power, the third and present engine, which fulfilled 
expectations and met conditions, was designed. Fig. 1 gives 


*From a paper presented before the Society of Automobile 
Engineers. 


*Engineer, Gas Engine Department, General Electric Co. 
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u idea of its construction. To overcome the first difficulty 
ientioned, auxiliary exhaust valves with port entrance to 
‘he cylinders were embodied in the design. The cams actu- 
iting these valves are so laid out that the valve is entirely 
ree of its seat when the piston passes the port opening. The 
iming is shown in the diagrams of Fig. 2. This arrangement 
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has worked well, and the auxiliary valves need practically 
no attention except about once a year. The exhaust valves 
in the head need to be ground about every 50,000 miles. 

The second change was the relocation of the camshaft due 
to its inaccessibility, and also because the stroke of the en- 
gine was to be lengthened. Two externally located camshafts 


4000 
4 | | 
laximum 
3000 2930 Lb. Faw 
2000 K- Sis \ 
1000 | 


| 


Z 
CAT; 


\ 
S| af \ 


900 | Crank Angle- Degrees | 
iia. 4. Recrprocatine Forces or 90-Dra. anp 45-Dea. 


ENGINES 


were decided upon, with the cams, shafts, ete., running in a 
bath of oil. One actuates the auxiliary exhaust valve, and the 
‘ther imparts the proper motion to the long push rod extend- 
ng to the top of the cylinder and connected to the intake and 
‘xhaust valves. 


POWER 


215 


In an engine of this size the L-head form of cylinder had 
little to recommend it. The castings had to be made very 
heavy, otherwise they would crack; and heavy castings in- 
terfere somewhat with the cooling. Extremely strong con- 
struction at this point was essential. Fig. 3 shows the form 
of cylinder construction adopted, namely, a barrel, a head and 
valves contained therein, held down to the base by long 
studs. Note that the water-circulating systems of the head 
and the barrel are distinct. The arrangement of two valves 
actuated from one cam is quite satisfactory at 500 to 600 
r.p.m. With higher speeds the design would be unsatisfactory, 
as the mass of the moving parts would necessitate unduly 
high spring pressures. In Fig. 3, A indicates the make-and- 
break spark plugs, E the air-starter valves, C and B the water 
inlets, and D the exhaust ports. 

A 45-deg. angle between the rows of cylinders was decided 
upon, to decrease the horizontal component of the reciprocat- 
ing forces as well as the overall width. Thus each cylinder is 
set 22% deg. from the vertical. 

The crankshaft has four crankpins, of which the two outer 
are 180 deg. from the two inner pins and two pistons are at- 
tached to each pin. The connecting-rods are mounted side 
by side on each crank. It was thought advisable to adopt this 
construction for mechanical simplicity. The piston-pins are 
held fast in the rods and find their bearings in the piston 
proper. No bushings are used. 

The reciprocating forces for one cylinder along its axis are 


0.0000284 W Xr X N2 (cos =) Ib. 


W = Weight of reciprocating parts — 59 Ib.; 

r=Crank throw in inches = 5; 

N=R.p.m. = 550; 

n=Length of connecting-rod divided by throw of crank 
= 

#@= Crank angle in the direction of rotation from top dead 
center of piston. 

Fig. 4 shows the reciprocating forces for this engine rep- 

resented graphically and compared with the 90-deg. cylinders. 
The specifications of this engine are as follows: 


Revolutions per minute.................. 
Mean velocity of air in intake pipe........ DOr 
min. 
Exposed radiating surface per cylinder: Max.......... Seance 384 sq.in. 
Section of connecting-rod: Max.......... 2.58 sq.in. 
Piston-pin center below piston top...... 
Length of connecting-rod, c. toc....... 
Diameter of piston-pin............... ...2 in, 
Length of center in. 
Number of cumshaft bearings................ 
Length of camshaft bearings................. in. 
Water space around cylinder................. in. 
Length including generator.......... .. ft. 3 in. 
.4 ft. 7} in. 


AlasKan Coal 


Last year a sample of coal from the Bering River field in 
Alaska was tested by the Navy Department and found to be 
unsatisfactory for the use of the navy. A test has since been 
made with coal from the Matanuska field, of which Admiral 
Griffin says: 

Unlike the tests that were made with Bering River coal 
last year, it was not necessary to hand-pick the Matanuska 
coal for the purpose of these tests. It was used in the same 
condition as when delivered, and the results are so satisfac- 
tory as to justify the belief that Matanuska coal is in all 
respects satisfactory for navy use, provided the coal tested 
is a thorough indication of the general character of the coal 
in the field 

Secretary Daniels said at a recent hearing that it compared 
favorably with the best steaming coal that the navy has, and 
that it was put down at 97 per cent. against 100 for the best 


coal. 
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Behavior of Riveted Joints 
under Stress* 


By James E. Howarp 


The efficiencies of riveted joints under rupturing tensile 
stresses constitute the values on which working loads are 
commonly based. Alleged factors of safety are employed, 
fortunately not less than five on important work, because 
a fairly good distribution of load is not always characteristic 
of riveted construction. The most important feature, how- 
ever, is in the elastic behavior of the joints, which appears to 
be ignored. As a matter of fact, few riveted structures are 
free locally from strains which do not exceed the elastic limit 
of the material. The structures are not necessarily endangered 
by the presence of such overstrains, as this will depend upon 
the character of the work to be performed. Mulitiple-riveted, 
double butt-strap joints may have a degree of rigidity equal 
to or even in excess of the solid plate for comparatively low 
tensile or compressive stresses, but loads ranging from, say, 
15,000 to 25,000 lb. per sq.in. commonly show a material 
divergence in the behavior of a joint over that of the solid 
plate. 

When frictional resistance contributes toward the initial 
rigidity of the joint, it is uncertain whether the favorable 
showing of the joint in the laboratory test is realized and 
maintained under service conditions. Vibratory effects and 
changes in temperature seem likely to cause a creeping of 
the plates and disturb the initial state of the different plies, 
when taken in conjunction with a constant load, or, it may 
be more marked, in the case of alternate stresses, 

Referring specifically to the strength of those parts on 
which reliance is placed in the design of a riveted joint, first 
comes the tensile strength of the plate taken as a whole; 
next to this the strength of the steel between the rivet holes— 
that is, on the net section. On the latter section the strength 
per unit of area is not the same with different pitches. It 
may be greater or less than that accredited to the gross 
section per square inch. It is also modified according to 
whether the holes are drilled or punched, and may be greater 
in one case or the other according to the distance from rivet 
hole to rivet hole. It is not likely that the strength with 
punched holes will be greater than with drilled holes in 
practice, since very closely pitched work is required to bring 
about such a result. The reason, however, that a punched 
plate may display greater strength than a drilled one is found 
in the hardening of the steel by the punch and die at the sides 
of the holes. 

The tensile strength on the net section of the plate is 
usually greater than on a strip of uniform width several 
inches in length. The increased area of metal on each side 
of the center line passing through the rivet holes has a 
reinforcing effect on the net section of the plate. This gain 
in strength is a substantial one in single-riveted work, and 
in multiple riveting when the same pitch is maintained in the 
different rows. The reinforcement is greater in close-pitched 
than in wide-pitched riveting, and is at the sides of the holes, 
but if they are very far apart there results a loss instead of a 
gain. The reinforcement is therefore not a fixed amount, but 
depends upon the proportions of the joint. 

When the pitch has been considerably increased, as in 
butt joints with double covers, in which one strap is con- 
siderably wider than the other, joints which fail by the rup- 
ture of the plate net infrequently show a diminution in 
strength on the net section, and the plate tears apart at 
the outside row of rivet holes. The presence of a few rivets, 
widely spaced, in the outside row promotes tearing of the 
plate, the line of rupture starting at a rivet hole and reaching 
an advanced stage before the plate at the middle of the pitch 
is separated. 

Tests on staggered riveting have shown a tendency for 
the plate to draw down along shearing planes, obliquely 
to the direction of pull, encountering a rivet in the adjacent 
row. That is, the design of the joint was such that those in 
adjacent rows occupied critical positions with reference to 
each other, and while the zigzag path from one row to the 
other was longer than from rivet to rivet of the same row, 
nevertheless the plate showed a preference to fracture along 
this greater length, and the interposition of rivets in the 
second row in critical places was a probable source of 
weakness. : 

Chain-riveted work creates a favorable impression when 
observing and comparing the behavior of different types of 
joints under test. The distance between rows in chain rivet- 
ing admits of being very much reduced over current practice 
without impairing the ultimate strength of the joint. 


*From a paper presented at the twenty-second general 
meeting of the Society of Naval Architects and Marine 
Engineers. 


POWER 


Vol. 41, No. 6 


It will be of interest to refer to the strength of riveted 
joints at higher temperatures. Under exceptional circum- 
stances the joints of steam boilers might be exposed to 
temperatures considerably above that due to the steam pres- 
sure. Joints have been tested up to a temperature of 700 
deg. F., and the strength was found to follow the law which 
governs that of plain steel bars at different temperatures. 
There was a drop in strength at 200 deg., followed by an 
increase, which reached a maximum at about 500 deg., after 
which the strength fell off. Among the several joints tested 
at 500 deg. the maximum gain over the cold joints was 27.6 
per cent. The shearing strength of the rivets showed an in- 
crease at the higher temperatures. Furthermore, it was 
found that joints which were overstrained at these higher 
temperatures, even beyond the limits of duplicate cold tests, 
when subsequently tested to destruction at ordinary temper- 
atures, retained substantially the strength which they had 
when hot. There was some loss in the ductility of the steel, 
but without approaching a state of brittleness. 

So much for the ultimate strength of riveted joints. At- 
tention must be given the behavior of the joints under stress 
and whether the working loads are constant or variable, 
direct or reversed stresses, and in the case of repeated 
stresses, how many repetitions there will be and the maximum 
stresses involved. The examinations of some stress-strain 
curves prepared from earlier tests shows that the joints in 
general take a wide departure from the curve representing 
the solid plate, this being noticeable at 15,000 1b. per sq.in., and 
in some joints as early as at 10,000 lb. This was true with 
joints having efficiencies of 70 to 80 per cent. Among the 
joints thus compared were double- and triple-riveted butt 
joints and quintuple joints in which the inner butt strap was 
wider than the outer one. 

Under 15,000 lb. per sq.in. the joints, in general, displayed 
an extension one and a half times to over twice the extension 
of the solid plate. These joints were of the types which are 
used in steam boiler construction. Observations on the be- 
havior of double-riveted lap joints on some steam boilers 
which had been in service showed greater extension across the 
longitudinal seams at the middle of the sheets than in the 
vicinity of the girth seams. 

It is of interest whether riveted seams retain their primi- 
tive state under prolonged service stresses or whether they 
do not slip and eventually display increased extensions under 
lower loads than suggested by the laboratory tests. From 
the limited number of observations made it cannot be said 
that the rigidity of joints on actual structures is greater 
than would be expected. If there is a difference, they are 
probably less rigid in actual structures. 

The frictional resistance due to the shrinkage of the rivets 
is apparently a factor in the early behavior of a joint. 
Whether this force drawing the plates together is acting to 
its full extent will depend upon the manner in which the 
riveting is done. A limited range in temperature in cooling 
is sufficient to apply a contractile force equal to the elastic 
limit of the rivet metal. But since the hot rivet metal has 
a very low elastic limit it is necessary to hold the plates to- 
gether firmly until the rivet has cooled to nearly its final 
temperature. This requirement is an obstacle to rapid driv- 
ing, but full efficiency in frictional resistance between the 
plates requires its observance. 
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A Coal Treatment Alleged to Be Advantageous—There has 
recently been in Germany quite a flood of preparations put 
upon the market for the purpose of making a brew in which 
coal or coke is to be wetted before being put upon the fire. 
The alleged result of using these preparations is that the 
coal burns more readily and that there is a great saving 
in the amount of fuel required. Herr T. Oryng, of the lab- 
oratory of the Berlin Fermentation Institute, has analyzed 
a number of these preparations and found them to consist 
of various salts, such as sulphate of magnesia, sulphate of 
soda, common salt, nitrate of soda, and so on, generally with 
a small proportion of oxide of iron. He concludes that they 
cannot have the effects attributed to them.—Foreign Ex- 
change. 
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